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Ditsmmtioa oS o.tc^&t »11 the iB,P9Qt« wmm^ls « t^stm 
of »»iXvm?^  yhit@ gXittesPing tivoaas^ immmlstmf 1832) 
sproodiag a l l ov^ muH amcaig n i l t ^ int^ TKUil. orsans litee a 
QriptixMB of tpcicf^ial aaatoe:^ &8 of «3y oth^s? inaoct sf »t<«i* 
Plsto aal /.s?:latotXc 'tiofei-i %fm@ of tlje oplnioa t ^ t 
jyo^dots ciM a^t l^ p0&1^ &* But tiieiif zalataiie ims ii^ Ss^  eorroetad 
li^ ^4aXpighi <:i^ @d) iu:M E^«£ai? iXimi i^io f@imd that tHe 
SA6«et8 410^ %it}flRi tlMai^  dpijpftoXts m&m bXookad tiit^ oiif vlilali 
e^mriim^d tbm tli»t t ^ tametioAt p^rfom A 3*«»pii^ tc«ey ftmetion* 
ilo%rw@ i^ iospite of tl)«i« Qomeltiftiimt Sc»«M pwrslst^S* cat^tr* 
pi^ Uaa^ s vmm tmm& to Uir« f^ XB 4i^s mi0mt Witm (lr<xittf 
I'TtSO) tiriS ^n^^ jQU'iifji survi'Vitd SO isows of tetiifsiiaii (SIWBIIIHI « 
omidittlBi iaS8)» f?|iifff*iimytei l^ onmo mniniMi «fm «ftiit M 
homm in tpplt «r vim md tm U ^ aors ^ rimm<» ismKm&^bmf 
1937)* }for«ov«V9 bfMt^ltig mmmmkta vm» xmt Yisil>l« la wm^ 
liuroetfl (l^ easciPt 17431 M«ttl»fitf 1763) «fii3i InlritilMi plaottS mm 
«li«r«fQi*«t sAOMKi ttmt ismmfi «lo tiot ^^pmiA tm dlftmim 
&lm& for stipplr of QKy&«ii* ^^li^ ana spmea (IS^) f«fiHs«3 
tli0 lack of vmtilat ioa scv^cnant 6om mot smumsmei^ sigoiiy 
th« abacastc^  of r«pirafeioa» 
E^aacmr (1738) p«haps %ras the f i r s t ttatwaliat t© 
Qibs«rr« t ^ Bo^ ecKmt CMT the spiifaeular vai?«0| tJ^ij? sgraolis'o* 
fiisratim witii ^mtilseioa was d»8©i»ibat! l^ Kirls^ aaa i>j»eiMi# 
(1SSB)| feut tli0lr mGoMaism -y s^ uatiorstood mJi^ uftm tletail©^ 
aeaeiriptioits f rm (itratiss *• . w e i ^ t e (XS1B)| ju»©lat«a» UB32) 
©ad ?Jeifpos*t (1^36} ,1/01*© a^ ai3.a,^ 3*»* "Sim fnaefcdax ©i' iho ©pifft4-» 
i2B22) hQMm&a ttiat Imm or:!itt«€l 1^* f1ifi!3{,j liiaiJots arooo fiWi 
t^ j0 iiKW«B»nt ©f a i r to m& ant of tiia 0pi»c2.®s at t te tJiw of 
ammA weate rando througli tii# opii^ CKJ^ c^ s and vmwxl Bpiraoulor 
aj^avfttus vavtt iiit«f|ii>«t«(^ &B amm^ proauo@r$ '^  irugimpiiiiriitd*^ t 
mm \ih&a ths liuieot {@*g»| dragim f2sr) su<3a^ 7 tc lie sil t i i t 
XmiOois cdad Tti«l«ii <3a67) sua KinmehiUf (1881) st^gest^tS 
that tiM «Io8Sng of ftU tlui apimoulwr vaiTas <»ift^ a«a tlw 
eoiaidpwislns aMcsiaia tso dvtim aiff doim into ^M» fijsest biwneheo 
and daspito pewa to ^ 0 «oiits«xy (Hisglaanf^pthy 1331) tMa 
^m p&p&Sstm (v&ttSf W&lu Ttm v&lvee ax^ also issposptimt 
tm watm oocis«rv»tiea CH@nji^ l)9^ f 1935) • Tba^ mt m gtiaM 
for imiaiMQ&timiai vmtiMtiua (PamottkoXf 31032), emd p»mm% 
Um enisxf of dust ond pap&sltos (iXsreaolstoTt XS^$ luoe^  1989 )• 
TIst spiamelw a»e not oa^- ?«rfos?«tog tlis^e ftoctioisoi Inat 
aXs© aet as a majop sit^ for the cadt of tjmci^oal lining 
."•lthot30li thc! sijii»a<3nlus" api>«»3i?^<tiKJ ill ii'^oota i s e 
poaa2l?lo l i fdt iat fucto^ %!a tlic wolutivii of iasoct^j as a 
ciasai y«t i t <lia iiot rcoelvo frrueh a\;t;4Sitim frcicTt nca?i>holosiets 
03? @ivo3.iitic»istu» tills ms^ t>0 fiuo to wMe raii^ :© of imrlatiaia 
presented IJ^ tli«®0 struolairca, aM liencu tht; aiTiMcyltsr &rla« 
la tOaalr QlLasslf loQtlon a© i%»lijtcxi out tay l"»s <1967) • 
For tlils imrpDo<3 i t ua© cKlvisablo to fiiui out a olasui-
faettay sNihots© bm&A m crtonalvo laorpboli^iCQl otBB^ of thdao 
dtamettM'f^ * iJlssoetio£i& of large ni9oib@r of ineoots sboveS t{^ 
Oi«Mwrr««Mi« of two gpoops c^ splriioulai? api>a3?att»j(i; an vmtmmmt 
trpo (3>^8n liit«fX}al %|»0« 
Tim Q¥.t&Btml ii^pQ has bo«m recordod In Um Ortiioptexm 
tsgr K^imoh^ (iaai){ final (lOl^); Alt (190D) m mt&mxeu^U 
spiraoles of .^cMfilitt ^^^ ^ H«iB»Qa (laill) in tim tbor<MSi« 
«pl«ttelo of ii0Ql|itffirm« sxyo^k$;m9& CX9i^ ) d^isoribad Q siollMr 
%l»i of '*fil08liig ftppimktuo" in ttM f i m t t{io3f&«le opiniolie of 
tiMi hmm l^ »««* ^ ^ amm^ t^p« 1» of e(»»ai ommfrmmm in nest 
^ the gai63?al.i8ed pttcyf^otest etieh m €irthopt«r& mi^ ^Mmmptwrn^ 
(?in«ii| 1D319| i.3)Mgxttii®9 1030)« Host of tJbe .^ii^ ic mi tUm opmiisig 
Alt (1^v)9), il«EE3ai ivn2)i /lgcX<m««»th (isass) aad iaioiag«i«» 
t£l50 tjpaolseai s^ st«EJ Ixi© Xaag tx^sa eQmjldQi»od as © systen 
vtitoli is r«adi2^ adapted to ilMt^Jsmht oiistijsK&mmiUi'l <i€m.litioas* 
"SMs lapg© VQi'iutloa a&i be obii«i:'¥i/4 m&i u-itliia o eJAc^ -o ord®p« 
Jn Uipt&rm itsoM' wa i'lii«l oaiJiiU-otia Ttmciii^ froa the !ioIo.'-2ie'as» 
t i« l^l&icaidao vith a l l fisietlc^siil si/iimoles to th& ap..©ustie 
GhlPdioaiOa© aiacl Ces«to|?ogosj4cte«« laspitQ of syeU «i<a« imria-
tlons, I'MttfiB* {1^60} c^Bmnml. ztmt th® origin of tlm tjpaoliiial 
i^stcra in dipt@ra i s Mitoplis^latiQ sti^ot 6^«^ tmamplji fwm mseh 
of the faniiices sttMi@d mn he i{it«xi»r©tod ia ^mmm ott' a Imnio 
'*fi»ai3e tior^ 03^  pattom* B^forfi tbiSf t M t t m in a &mlm of 
papers (13651 l^^f 19&7) IKIS &me»Xb0& tl3@ i»rc^ l)@al tisrstam i» 
Thiovo is QISO gS'6Qit diTox^i^" in intiiRUiil tfiioliMil Cofsif 
nhieh miglit stigg«st tlmt tlm tsw^lio&l ^stcm is t8iatdl>2t 
eheufootor vitu «ii InfiiMte eop^oitsr of va;riatic3iti«« This vftvia* 
tiod izi most of t ^ o«soo i s a4apteti<xi onooi^lno; to thsa OEvriroa* 
IBfllltlll OCSKlitiCiltil* 
* f *)• 
l^iODt ^19 stmistxtsral aaAptfttloasin Um aqmtle insets i 
10CB)* hll tiiede inse ts reoplr® bsr fir^pln diffusioa of g^ses 
aai e^ytalsi other ©qiJatie iaaeets irKsdlf ijjatioai ot Qlmed 
tv«9h«»al. sgatm a»« 4ir<Mst«4 tmtme^B oh^inim wi^um fvom tiis 
»eapi3.1aa?i©s« as to naggyaia CMiallt 1003)| gtefiPgaoag, (^la'^lf 
^^ ^^ ^ ^ 1 ^ i«f3mm (itoJiitcniy iy@33.)# Fiir&h@r» RUtn urns} l a 
oacamta i^ r^^ ite Bhcm^ t^mt i^ sa?loi«; j^ ficica® ui Wm rmttm n^^ 
«rfagigiat«d ana WQli 0t;^lii»a ^ t h tP«M^«K%« fsor p9»tmm$m ^mpl'-
rstoj^ functtoi* 'l!i©»« mfe t rw ti*aof««il gill®, M^ afe \tG»k 
has l»6<9Ki <loiM cm iM Mi«pi3mtoiy gi#i4fiefiii@@ of ^b» «satiai»i0al 
Mteiiikm modiiiG&tlm of splimoie is ttie spirdetOor @iUf 
4i»9 «lM ttn«iim99 find fisieticn of l ^ itplsme^Oat ciU isAit l>«eii 
tfiii« ijsr Fioiie (sseDf HiBton (1943| i0ft?i :i@&at 3S6«t| l a s ^ t 
IbSSflRy U e ^ l HQSIftt !I08B^ a38GI«, 196g am 2964)* 
stu^lioa lor mfo&hm (3;90@)» D«vi« U042)| imfm (3.9M)t fhtoanit 
ana c^iup (i9f7)» 
Tim wmimm m ^& pi^»$MjQ$iM%l mpmt ot vmpimktim. 
la ixmmt tisr Haft«l mn iWrn^f MU^tmmiog^ iWS^) itM Basis 
gmm») Is Qor»»6i?n«d| nost of t l» ir^ltii^Jto o^ie^rmticma an 
t^ QOB ^iSfnaiem imrm hmn tm&n W ^^^^ (1930), Utmoc^  (X944)| 
W&Sb^ a96Xt 1964} • 
i»08pirfiiti£ai| tiio 'msk dmm ts^ b^lmoiidtmmsx ( IS^ i 19531 1964, 
3M&f 1966)^ Iiaoi:@I mud -^MlmmM^m^xx ( iaiB) | ualmoldidaafia 41@©0), 
Ui^ sma iif^mMMmmm Close) @7# outsten^jiiig* 
ahmt tk» s^i«<st* Mst^t^iamlit&l s^ xli^ Ms on treiQlseal m& dig#»« 
ti'ra e^tmm of ffflTtoijIBaffii illty.i!flW ^ • ^ ^^ ^^ ^ ^c*^ ^ Elehovids 
m^imrnl'im viM*^ mmpijmtows^ mw^^wm ifmmm m& Btisi 196@| 
BAtSf l ia? t 19«0y 1960) Imt In in»oets tlxaw I0 pftuaitr of 
coe^r&tivoSy l i^ t lo wsofk tmm }mm Am0 mi ^Hm bio* 
olMitittfii mpm% of tlie i^ Hipljratocsr «r«tfiBt In liia«0%«f bml tim 
Ut«retur<3 is Quito rioh its fme m flight mm&lm tme Qmsmm&A* 
Umia^ (1970) hsLQ studiM th© of f^ t of periodical tllQht on 
obs«Mnr©(] that the> rate of e2fircog<» utIIlBatitm XMB greatest 
dup.tni.: tho G aiid IE miautos flights* Hio yste of g2ycoe«i 
titilisatitaa i^ocroeisod trj tws tliijpcl ®ftw oil© !io«r of fXii:ht» 
:5»GVor# lio aMitimml rate eliaoge irao o&acMfved dwiag tim 
aocund hour of tllQht* 
fiiol To:.* toscct fllc!it» IS9 pj?o?os©tt t ix t froG raotab^Ilc i^oint 
off v io j , tli£'o<j Jll'farcat t^ ';>oc; of I'llfjit. niiaclo:^ iii;^ - bo roco^;"' 
nlj^oci. Pa? £r:ir.,'jXo,f:iffl<j2.ofis t l a t aograt!fi ail^" cjstrbol^sli'atoss 
tliono 'lopaidiag oiij^ f (M f«tts^ acl«3a a»l a tl5ii*ci tj/po in *«rlsioh 
botli tlio s'J>3trata5 can too OKldi««<J« ilixJscsi il9S£>j vori'ofl out 
th© effect <^ fli{;ht Oi tti© taste tte©sl3oia and corboJic'drat© 

umnmhix^ m 'm^ Hispriuvxaa tMnTm 
wiWwwwi'W^W'W^a**' Mm^^r*^ 
** 3L * 
&m»&f that i t ia offoetlv® m. ho^ laM m mXl asf In \mt&9» 
ti»@ n<^o inrx:»rt@at« isotfcnmri tMs v i ta l s^ dt«4Ki ims boon slira!i 
ifigci^s^^mr^ (3i3i33t I933ay y^giasb) | tiEiittm ( 1 ^ 3 , I96@t 1S86^ I 
aaeplorod 19^  F3P«t««imIia aad iNKM^ig* ( i lW)t Al^ Nu? C1968)| iimton 
i%MBf I i04t i s e $ | 1S67| %^m}^ mmm (3.961^ ) I Poc9irif»HilXA (2j96&)f 
jtlUgmi Febr* 8»d fff^ipm^ ft^jiffff. i . Ciavvft) Dci^ re tiecn aiiattd 
to tin thft iaetxi&e la Wm mm/tm^ en ^hia ot^Jeet* 
• 2 • 
ii^ioh do not oontela l»looa* Wmf ijaamta Jm method %& 
oWimmly hlgk^ ^fieXm.t bmmm& mi^holdsm !» fust filling 
Hesplratioia to ismmtB imolrm both pli^sieal m^ 
ros'olts M the f^ i^wiljioa of COg and %0, wltiaLe the j ^ s i c a l 
j ^ a e of tho n^pirsitlcm Ims to ^o vltli tlae twwiap««?tatioti 
of atmo3pliorie oss^ goi to t^ i© tieeti*^ mid tho roiiavtkt of Go^ j, 
in te©oct0, tmm of Ibaol lioff U036), .iggiosvojft^ CXIK30, 
19S3), i^ c^ iJi Cli>ai}| .^ was-a© (1363} ojia ;JaQi: 11962) aa»© not©* 
iiortJ:i^» 
I'll© rosf lrotoj?y 0as®B in mo»t of thy Isasoeta must bo 
pmotrutoti tl££»oiigii tlio ho&^ wsLtl and be ti»iiisr>ortod to oaoh 
QoXl of th^ bo# tiostio* itti0 pli^slieal mpmt ipui tspomjMSP* 
totiw) of i*Q8piratlciii i i ^odifioil aoooifdioi to t ^ ttnatmleal 
fitrootwo of tti@ w&^m Q€mmmm* tms tlvo oi»oelal iBoohsnloai 
Hmtam tkmt t ^ ixi dmeloipt^ to fooilitiito tlio int^pohunge of 
smw botnooo the mmirmemit aM blood or oolltalav tiaovtot <^ 
tbo anlmolt oooatituto tba 'roopivetooQr arstoo** lUMorit^ r of 
tlio UmmUi m nfwm W ^ai^tiihi iim&) In »illKiM»»if bvottho 
• 3 * 
Ql»iii to the oacterlor W tb& swamt&l mfitiM« • the spivaelA 
0» ^&%tm^* uhicth ^NRslnatii intMrnailr In doUoctte t»rsmoiia9 * 
tjfdeli&olefii Jistrfbtitoa m:ioae ^ ^ tia0tic»3* th& npSxmlm Q»9 
iao3?pholcjglcaX2s^  inM nouths of tho oetoclowml iiwaginaticms, 
whleli eiv«f a»i®o to tho ti?B«^j«l. sarstffls* I t is thought t^mt 
Sn p:eiriltlv«3 tosocts th&i*& \t&^ jlndi«p«m3«at tMol^«al supnjjr for 
spis^mlWf but iJi tlw ptmmit ^ ixm&ols&f cwow in mihs*fmii/& 
st&eo ve <ao not flsd isaipt) tl^ sai fot*rtmi?i paira oS 3j..is»oel^i • 
Ttui apXroetei aiM3 novmil^ ait^mtM ca pletsmi as? i s 
1915;. All WE^Q^^at palJ? of apisroele© has boea slio«t4 oa 
labial ao^^ i t of tls« txJbr^'c li'^ i«afcl Cilalsoaf lDia}f Wt 
yit^i til© poosibXe cisc@ptics3 of scsa© Collesibola tlfi©i"0 is no 
s^mov4 of is©pliall« splreel®» M tim dm&lopim «^»7«> tii® 
spiimcXaa appoar In a s^rios as ingrovtiis 1^1n« on th« outeif* 
BiM of th*s 3?udli3©iat of ^& ^pptrnXm^* "^^tmlv^ wia«»t paijps 
of t l^ opivi)ol#8 hoEVO tseiii roport&a fron tlie swbf^ i»9 of 
Lept^t^i»pft.« m iiiOBt of tli@ i«a«ot9 (In ««abf3r€»ii« stttg«)» 
tionvveirf tfm pmithmmiM pAlr i«» waatisig aoiS fr@qutj£it2y ii« 
ooao Q(»?oss with tiio pAixu of thoimei^s aM €»ight pai:[^ of 
opir&elijo ob8«rve«l in post ^K^S^CHIA stAge of an Insist* 
spiipQAliQSf th3 y«8pivtitoi7 i3r»t«(!i iiftit li«»@n e l a s s i f i ^ t|r 
•w 41 w 
htm hma. g ivm ti^ Palaim (SyBT?)* ifsr«« (li^ao)^ £i»xiA ( im^) 
cRi@0l^ 8s Tlie « f^it<sa i^iol i i?ai;ul»tfli8 tIsB opening sma QI^BSM^ 
o£ Um «pl3^eS08 is Imtnm as * spiramiJar pogulntoxsr tkppmf&iam* * 
1%@ Ht^itfft^iz^ on t^ Q spljmoti34ir r^gulatcis^ tppoimtw lit 
iMmmta ia jseatt«ef«(l| and ext^iisivw ijo^oia^ts »»^ on^^ fm» 
BsMk (X912) wm ^mfimpB laie f i r s t imtisimlist to imi^ ic i t 
€H]rii In Qtxm (X&tmtx^ mt ti«@ to dii'fie'aiti©a fe tfei© ©itpeui-
ineatail iiw00tis0tioa«f nosfc of tH«* wTSles* -uma^k^ m th« 
ftaaotioaai ost^ €JCjt of tis® KPJUM«I1«» e^sf© «ia^ lasr|»oth«ti0al» 
1fl»? aoohsaiss of rogtilsiteiiy appiumlms is 'vm^ fciperfemt 
botii te g®»«K«is «K«te?ig® aiwi Siffusion of iratsw vap<»ii?# 
"Hid &hBmQ^ of the opir^^iilar f«gu3liitofy mp^mttum is & 
pofsi^ie l l ^ i t i n ^ tmtm ia tHis 9iri»iti'li«m <»f § y p . ^ | ^ f i ^ 
Itair® tsmw imtwm in emaima v i l ^ t i t t laad «iii&mX», l i ie i t 
iaftbililiy to otmlsvai ifat«r loaa fftxs iOia l i o^ is p^^i^pe 
v««I»mfiJl»i« tmf W»$» t«titvl«t«d ^ l » i t ii% «afitr»iit to oHmt 
M j * tiSfitlflS Mid ftXfiO to ttAMi iestlttt thtt imtMttPi 4i f f lMli lgl CKf 
• • i© *•* 
e«vlKsidi^cid6« pQ»1ihm$ i t also iml&ii in QommvQttwk of 
tim tmGlmal ^&tm i s t ^ mo&iSimtlaa of t ^ 
intdgisKoat fos? tlis piiirpos« of s-Qspiratlim oad CHSC^ IPS In 
i:Upp«» (1.933.) el©ia0<s tslut t^- feaaation of tliis v i ta l 
s&'stm is liiaap«na.aat to BK>«t oC tli© aiair®!^! groups to 
uvmt Im ^O'liB^^wl sm Wm jasilop kis^ to Um siaee^sa ©I' tiha 
ias.QCts» tlKj t;i'ftol3©aX aysjtao teiaga gaaooios osygm -.D*^ 
oXoso to tlie ?0spirtog tisstaaa jsati t3mi3.s|>arto1*lciii tiwowgli 
wlwr© tlm tTmhmk0 HesmixmtB ia vsry sita«l«ip tit><is * tht 
traotieoX©©* Tb& MtPm lw9^ Xmmk eoiiijar©;! vitli tiKJ espiliarios 
ttrenspoaft of mygmi ia %K3l^i tite easos Uikm pl&m W ^IWvmlcxk 
ttMi tapMHteaX a^ota^ em mimama <3yB63) for tb@ f i r s t tisM» 
piao^ul&ited that the tiike£i@«# auv i^ng thu wi^mi$ja <l«v@Xopiaifit 
mi»Q m mxpe m l&m mWi liie«ovths from the mis0&mm$ «IIB1CW* 
lag in bcttraen tlMia a potcnttifiil ItJMia* m fuetime 0^@«itodi 
tiMit III oajiie«at B&moa:^^ ^i^ ismetmm (liYl4« and leiite to 
* n «l» 
tim& & JUsigttuiiimi Inm^* Wmmtvm trim ^m% $o €«ep Into 
mtwi'i$m i^mwA imifm&m Urn mtm^^ tHori tM etitieuliisr mtijm 
iiitli0i^ siimriag amy Ixemk la ucmtJlutiitr • tt^t<« ClB*;^ ) In 
%imt the Bi'iml SQMB appaor t>®.fo:*o mw ©ix* i^s ©ctamXIy 
©pi^ieiimi acipurato out m'M ^s^m a«i fl/cc®^lito |?«»©as©s 
pmtMtiim of dimolv^ mi'g^i Sr^m tim hotk^ d^mtim^ to ^m 
m f m> 
air utoTMif yhjl^ ii aiNi oitintftinod mrmuM 3p<KsiaIi»€§ rogioos 
1st &o%^  %MU* th& 8t(^^ Of nir etK^taoiimten with tis® tirftehetl 
mystiia ttapotigh tti« spini«X«8« Tarlotm niosNnfs c^ rtei^iAm mad, 
klX tijo insGOta do not IJSFTO i'uIJj? d@voIop«d teaeh^l 
^^%imm In, n^riotm iu^ Xasnotnl^ olom i^ larva« - sjfjeolallsr aquatic 
ifeatsiQd 03? risiSaoataJ^t aM t3i# spii?ael0s oi^ '' altc^otimj? b© 
of s@dona@27 ^^s-etSitticm of ismQi^ ^dl systoa iti ioaividimX 
desorib^S vaifi^s ecsisMersibS^ iirltlil» t2i@ mem rn^m* f i^ 
tv^H&til a^rste^ psr^«iits a eareat div^i^eitgr ie»i i t c^m24 appear 
timt »o 0otiaiataji0jr mciftts* Dtte to tlitis tmm^f i t li^ oQomes 
iroii^  diff icult t0 QixipBre t^ &o tr»obe«X fl5risit«ei osf 4irf#r«nt 
XitQTf %aiitt0& iW&B) has gi'Ton wlHi r^aasHl;^l« ec^sifit^ gaasr « 
d«»pftr«tl.ir© aeeouat <if t»»t^Mil torat^ in iiiiiiatoo«roiiSt 
]»wif|p««r0a» and oyoSiontitplMma larvat* Aa ct %i>oy i ^ t t m 
iiAo studiwi tlMi troeiMttX mM%m oT ftia.UB|iM» iiyttratttglMlte 
H0ig» Fiw raor« toattwrtd w^&i €» rfapiratoxy asratM of 
Ittwal ftMMtf ttf iiiiytttfn httVd IINMBB inoliiSiMl* Wigig3Uiitiwwiytli 
«• 3 ** 
(199^1 1@93) has doseifibod Urn ^QUls* of oosqtiito Xafm#« 
WsmwmXf timre. aro »9fw&% izuscmeXuslve aeootmts cm 
rtapiratoiqr w^tm. vMeh timmt haxdly any light cm hmotogim 
of 1 ^ lodividmX p&tti»!9i. As fm^ as Slptevan larvae are 
ocsiGeyneai acsrie of thf> ¥@X3r Isiportaat aooounts si2oh as those 
of imm (1890-92), for f^t3,Ui?|iEa?i^  .tsylfltocfPteli, Hois., 
]>o Haid^o (1903) for l^ sgWfflliiga sp* ilowitt (1014) for 
Mllfi^ flW^atto ^^* ^^^ vague axsd Inooncluslvo* Itu^lo^g (193S) 
dosoritptiQn. for pyggfli^,te stiStoaagagli^ Melg,, givos a c;ood 
gaaoraX ncootait but naaar aetalls are not iiicitided. JXL many 
Colijopterat ^itotoa (1947), la^nl (1968) om futemm (1070) 
havo givmi soo© icioa aljout tlio trachoal s;y^ st®i la tiiasje 
Insects» l'-50lltt (19M) ha© guEBaariaod vsriouii -yorks im Dplracles, 
aa has deaeribod tlie aotamorisa aad the procoos of !!ioulting 
of traohoal s^staia la some larval i}lptera* 
Tbs preatoit i^ wpk la an «ffort for arising at sasm 
eooaloaiTa stago ttM i s li(£e3^ to eontritmte towards propor 
undarttanding of the mstan in th^ liet«roptera| Dipt era and 
Coleoptera in partloulart and inseots in gdOAral* 
mip,;i^,ii§,,,Mi,.i#:fi« 
"" Hip ^^ 
Urn For aiaa«oljlai, iiiaoeta w««^ anawtiie^iiivtl srith otli«3? 
ixk iimda*$ flacatXirQ f€»f 34 twaam €»r in CC^IRKJ '^S ooXitticti f«»r 
alooliol miA tlio t i ssue 1KIS stid^ne^ vltli osM fuaehin fO)i!l 
d ^ ^ t a t « i l l)sr pcts&ing l^ sroiJsJ^ ttsc^sidlag ^mao@ of e2«ohoX* 
m i>*p*A#, £"CMp obsapvatloEW •UBnier tljo ml<srt>Bcopo« 
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jisrstiBt tlHi tiumtm iier« fi3Ei»d l» Bouia^s fluid (xe Cotms^'s 
f]UJ^ HEMS «f*ar t ^ ffeowal of f;l3»feiire ciaa ccxsplate il^ berAjssH 
tldn of tlmm (tba^migh (lifformt g^dos of aldohoX)t tho 
swit^ariai ^ ^ olimivoa iM h^immm aM ii?.pr€gmttoa vltli vase* 
o«N3ti(mfi MoiMgi d#!)^drikt«d mid t^lMm^ la l^auQjl c^ miKit mid 
taoimteQ la u''«>>.# a>0«9Watlcns war© Em«l0 tawdCM? Ed03?O3eo|5e 
md itewiags tiw© jgade usliau CGm^tx Xue$M» 
a to ^ u I* f II 
m 3Jt ^ 
a!iCi<wgiiiiiitiiwiwiB» 
pates » € ioe^tod li* Uw teorasc aM oieM pairs fai t!» 
flKi e3La»#ifl0&tlosi %fm gi^m cm l^o ^ s l s of ttioSi? 3.0CQtic»}8 
•te t^eBitmil tigttefitf r«8p#eti9el^« Oaii«w<xP| 4}«ttala workers 
luiiS Wmiltm. (IBSSL) hav@ takon this vim eM oailnd tim 
f t r s t uMcioiaal apli?aole# Pavacsm ClOTG) bets givca si;ailai' 
oJaasificatioR of tito ©pln»e34»s in tim^ Inaeota of jitt»2^ 
.Ij^ f^tfip^ ^^ il^ .^ nffiftpjfena. i s ZemxQd irmtoolatowiMjr to the 
iaters©i7}S«l^S. ao^riiiKi tjctenm pj/othosrcs: mxd tho noaotliosrox* 
donmVX}^ ami v£i»ts«olat@jmX:i^ » 'i^ bis QSMQ of thcs spiraoZa In 
hoiSh Wm smm i s 36 m la X@£r»th mm 2B n Sn hv&&^W* 
ttm <iniarg«d f i r s t t!M3»clc «r>iraGl«j Ic oval in steps 
CPlat© 11 Flg» X) m^ pof^smam a lairg€> eaw©K siooe plate 
(siP) bdMPix^  distinet trabectilQCi (Tr) ctJ^islnc fKia t^a r Js 
»kij»^ &tc!fvm ttm mxfft&m of |2it<mMX mmi^j^saa but ^oSi^l to 
thid 2at%9ir W dhort struts* X!KJ ttsmv hrmn^bm sippeor to Sie 
wM% eXos@3y appSlacI to tho stirfao® c^ intomal r-teobrt^d iMeh 
tim sipim9liM &P&BM Into & &im omvit^ CR) f<mii«a tor 
th« lettiMil m^mmiiM of t«eitta and st«»&tici of tho 8«geifliit* 
SMs air Qb&Blbm is m»na«X2s^  e2iOS<3<l btit ftmM tm open to 
out siao If t^e i^ srotlKnrax: i» ttamd ir«eitraX2y* Tims in «^e» 
tmmMscameM si^is^olii th<@|p« ^ 210 Qloslng wm^MRima of i t s 
otoi* 
P#t«fehogj5cio aplgaoXoi xt ia rattier difficult to loeafet 
i t is ooaplotaly iiiaa^ii SItfm vim iJsr a. lonc?it«^toal eMtiiicms 
j^ldge a3?la3J3g I'JWia tbi© stoaoplawcsa which dlvMto tM aif 
0l3iam€l m t&tB SiSAm of WB n^^thor^^f Into t^o^ an ontm 
im& mx laam* 0lwcjfo«a?t TMs 3pMge also oovoi^ a cmiplot^l;^ tlte 
th© o^itatiioritQici spirael^ irliioli op@ris l?c;lov« 'Iln^ ono eau 
c»lis^ ?v6 tlKJ n@1aat^ j<»®ei© spi»«iole «m^ after emfef-ulJy 
rciijoviae tho olsltiacsas rMga» 
flKiS 33<»ta1:!)om&i0 apix^i«]^ i s tmil in ahap& m^ mffmX 
in QlM^ SM bol^ tim Bwm&f 30 u l<sm$ uM 12 }x ¥i^ @ (Flatd X, 
Fig* 2)0 Iki elosQ ps^ mdxiit;^  to tlie m<it«ith0»^ie spixtmUm^ 
ontcofiopl^ is a meis^ rfmmis stpjoture ksmm as @t«tatli£k]?ii«il« 
xwe«pti»r* 
fti0 i*oqsli2y ovati a> i^}«d splimeuiciif <il]&2isib^ r fm& am 
flutwoifitiiffil 0iiPfo pl«t« (aiP> issd & po»t«ipm^la3. I»ti«i>» 
liwital region C^>« fti tha <MMI* «^ |<Bilffi0lifff|^ IW TMftfllllflljBil ^ 
ae2jEHK>tS9ea sfsithar thim mm^^mmmm^ Bxt^maSJ^ i t tmxm a 
strciiga^ ooERfiix mobf wliod^ si:£rf&0« is oe^ered vith imigiiiaif 
roia£»* •:;uyu of t^ 3i04S roMf$ oira quite d0&p dCKi theii» misb^ 
The sptjps^ juloJ? tjpaohoa sjarroi^ alamritlsr at 1^ © ixjlat of attach* 
Mcaat with the opl»clo» This thictosotl S^ r&#gt3i3<arfetai ffegion 
bcAsrs a 4oop tjl0i*t vhieli partiaXJ;^ cov«ir© ths si©?© plat©» 
ill© oXeft appeals to rop^a»«t tfe© int^KBfil Msiit of 6. navs^m 
ofoilataa ©os^Qiai op-DaiHii -yliicl! op^s oxtestMilly t!»otig}i m@ 
or tJia dmip f0Ma om eutioiileir Jsob* &i»©® tha tiiicisncsss of 
tlaa oii^ iQUlfii* I^ob aprsaari; to lti©rciKia# with "^ 'iiQ ogcj, i t i® 
^aitw' poeaibia tl&at oe^^sla* oi^aiias 1» eiosoil to oldeap iasocts, 
tia obs€e^ «»3 1» sco^ sr>tefej^ - . lirt ot!i©j? l/as^ts %Awi*u i t i s 
©till oi>@a,the nmfV€fmm& aiti jpisiditar of iatec»ieat mmsamA* 
tm i tf would at tm' ^^te gireatl^ l i o i t tli@ wof^mmit ot uix 
th3t0\3gh this 0llt* 
Firet a l> to to i epirooaig^ utee 1to«i oatatlMMSioio opijwioio, di© 
flp«t mMamaisml splroole !»« bccrci^ d iaefstfiK^mtedi ifith tim post* 
8iot(itliQc%i«ie 8i|ile«Mil&» St Um dot tovmt^i l^ i escpoiod on t ^ 
mxef9t»9 &S tb& h&a^ m& »ot in d^ opSsr iiimgirMt«a pit« Xt i s 
9itaiit«d cm t}if» i30teitlKiKraoie i^^talar bridigd 6oe»ii»tlisir ef mi 
portion i^^oh io pasfticiay &mmmi3M W tiw f I r s t aM<3 i^iii& 
mstcsmt'WB mimt£^ a i r st&ee* Mine^ tb@ f i r s t QMacaiiUiX 
0i7irQelo is 0itoatod in tha $mmBG& poststrioir portlcn of 
ttm pootnltUE' t^ idf^ fiiy tihe s i ^ l av aJjp steiv^ s«r<r^ an i t s 
aplimcnXar etmSom* Tim sla® or tho jjpiraolas in botili tb6 
mma la iiq.tiiil (36 n loot i^ ^ n wi^)« 
213© djUilot<!icI ontoffior poiftian. of ttw ijosrtalar iis-iiage 
oontalDui «k smtl xowi& mot»iitho««ietiG ^^X<$ptarom orgm (soi 
^liieh i s ooDplcstolsr syparntecl fjwam t|j# stdialar uasbrcii*© m& 
eoiiM aaeijl;^ ^ bo tiiisitiatea as f i r s t aMcxjl^ml oi^ igticsl©* ffw 
latter H&Q poutQstc&' to i t in i«w*?ri«®a portion of post^lar 
Lj^ ictge* A'IW aKi-lito i«o^o<3ti«m i.'O0t#i?i«>i? to spiKiolo 
ooaaoctis tliQ ^wstaia? l«iago with tjlto ©Maiiian* 
oaostrm. @i,'&VQ plate* 'iim cimxssi stpiiMeular r^gioa of %h» botiy 
yuli i s (i0v«i]?®a with a pil© cif v»S7 iixm short t^ivs* 
F^tomalS^ t ^ 8imi^ plMt& buMgos oat into tlio i^ o^ itSiXis^  
bri^go* ThB intmrnat &^^m of thim ms0im% liim de^wmmim^ 
£oam a £i«wi2sr aoiovotiaoa rim (iiadio&t^S ti^ dotted iioe) 
CClir) to tfiiioh i)oth tli@ apixmrnslM^ ^mobm m^ ^m si#v« plats 
asm attaohsa* 
fho siovG plats CaiF) ^ fiirst sMoeiinal spivsols i s 
oc»pos«ii of s outioular tkstMovie without loi tssasvayiag mmi»mim* 
TttlAle tmbMttXas (7» ; oo»vwrs« imi««<l fvaa ^ ^ itsripliassf* 
m 
the l»tta»p» Tlie pXat© tlxm appm^n to bo fr©®3^  p^mamhla 
p ,^,oi»l.,.„i .^p .^|jaiil y,i;r^ ii|f.l^ .i 'itm iowth uMmiimt aniraeil» ii2^o 
po©©» dilTlcnji%- as f««r aa i t s looati<m i s ocsacestjeci bcoatia^ 
of it® mci^msm'^ mmtX $iM&» Ucmmf^a^f It lim en tlia ^r^uo^ 
m^&^mmmsi fij?0t abttorilual stivfia <j-orj,;X©to2y Iil«i<i£» Wi56«r t'-^ © 
tjffWl^^iiiB ia©tutlMm2;» 'Sim Si.>i»e3t© oaa be ii0tic«i e»a3y aft«p 
i t Is siLiiler to i^>^ thnm.nie Bpls^mluf but boiiag CSOVUI*<K1 wta?' 
ij; -aiy ci^taatussiiga il; liacus^ M ajai-oacvioaai* 
3«©a«iiit ie vojs^ -* i2»sh i»«KluccKi buUrii; pushoii baei: &!y autGcta»iim« 
Tiii© sogia i^at i s aewroid of opl)Pfet<3i©t 'HJO tiJijKi and tiKs following 
«Mor.5jyEmX spiraci^s ,lKaf«?«», aar© loeat^a to tli^ir rmpotstS^m 
msismts* #»Xi tii@^ @ apir^eisB ore iiitua^tod ai& tlio aMo^iDaJl 
»t«tmsa* M kim vmt:^l siil@ oi' ths Qbeloimi i£ Qai»te^t3ar 
t»»^ MMl la wat4Bf| th«r0 ist ao eaiKamiic^tiuii l>otsiia«Ki tl»i» 8pii^» 
9%m m^ the ateiosiilierio aiTi %Mt is »i|^ thi^r ii]»i oixspii^*^' 
«2£««a «8id ««• tno i^apfdl ftKiDticxiIess* iloreovaif, tlia &i«^ 
nmd ««i9«rtib islidoBlxial iipint(»i«@ aare irepi?e@«ntQa tmsfQH^ m amtl 
htmk wmmsm «pot»* nm t itf^f fot»*tii ma turn sMmiml 
9piamclm iPtm%m 1$ Fl«* 4« 6) IONI Umw ii^ eise (36 ja x 18 ja, 
la hem tiMi »«»••) and aM mm' «» %ms m$a in alt»p%^ A 
m X7 m 
(niP)# rseloi? t^ io sicsvo piat© is a thin biifc totagli aacdJTitfWj 
m-jm^ mjtwc' iu sinilur to lapwliioa #a©®pt Umt Ife is aot 
ohitJiiis«£l» This aoalKpeii© tlms ios'sm a aplraoula? ata?im 
s::i^acular teioh©«a asso<jiat€>d vlUi tins atapinct i^ vitiiout mi 
opofilag tw.'i« ht aa& m£l of the mpSjp&is^yitm o^ytmism i^ inttmh&l 
u lev®r (!)• !fcweii'®s*» tlsi^ p© ia no oe«>2usoff sowsle ^nl&h 1ms 
tlcamX as thc^ ra-sata »v^ o .5««:I ia watca? thi*ot!g!iout tlie lif« 
tlK) al'idoniriaX spii^ acl© <Piat© llf Figs* Bf 0? AtepS)? Is 8it> 
th@s@ aqixaU«! ias^ot^ to ^ t a ln alciosplisrio ed^ wliiic Vm ^mt-
of '^ i© ho^ »msi$MB m}ibimmisd# 'Bm tmm oi meih half ei t!i« 
rmptmtmsi sipium is hstving a eteSJUw oiccigattd pit ooataln* 
im tlie eiglith aMooinoi &pi»ml»* ttdu pit CP) Ilk® tim tmmi 
of »ipl»»i ia f illoa nith niip* 
111© »hape of tlM» tiig^lih ftMrninai apivaei® #f 
is ftttin^^ to t ^ laftinBiii of tli« «pi««ieu]«r atvftin (Atr) i M ^ 
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is actus liy a part of 8?ira«tiiay taemaJicaa hml^, Inclletiiiet 
taeoMia* The large cmsul s l i t ec^i^titutos tim spi^ motOair 
OT?Kiiag# Tim rmrgM ur m%» tfjSjmotila* opeatog is a^jr&ly 
pip30»t®d ITowifig the perifcffiD© of 3p3j»Q0l.«i <?«»)• '2I» 
S9li?«e»lar c«ie?riaf: is /:i:mrei@a 1J^  a oim© of icsa,: aau t..ugh 
hairs t e^itoKiiac; posterior2;/ ^^^ scmcw^t ~Ic«'S':iy«t3?iil3y» 
Th^e Iiair:» r^ a?La th<. f i l t e r uppiiitstais* or «iiir s.;lra<si« it&j 
pi'ovoitliie t;h« «nti^ oi" thQ duct o^i w.;te3? tiiito tim t^mltm* 
BSEi£^2B^.^llt3} '^'^^^ rosfiratoi^ siplim Ci'tot® 11, :i4> 6) 
appaadag© Cno^'-ii'laatico of eielitu aMa-:lasl @^3ciit^# !?}•>» 
bas® of* tlie rocpirstos^f niTM(n nlimi: with it© gmilt&X s^ao i t 
i s tolaseop&l tatc the s<3v«ath alKicriiaal a«gEJfio.t» She gi4«» 
0f tli« e igh^ alidtiCiiimX ^^gmeat &x% ^i&mm out to t&mx s^mpi" 
jmtox^ sipli!im \jai3M iMi hdMlM i^ oietlosi COSSM a $mn?Otf ts?iaici* 
gulAV |>iat<» ifiiioh si^p^rta ttm. m^^mmkX g«^taiia« 
TUci 9iptot of J^ * .siagal^tM oosisists of tvo oaft^nr 
ai^oidagwi viiieh emm t^&mm to fans a 'ms^ Umgf tioiloir 
tidft«* file hsam of «Moh imli^ of rmpimto^ eii^ ioeii $>3r€ooieit8 
thm oimpo of dlMillow hml into v U ^ opmm tUm oiglitu tttidkiaiiml 
opiMwlo* wiiMi tli«) olplnaa io ptuiiidd thrmigh th& swfnoo filmy 
tiie IftiPgo oightH alNtmiSAl vpiar^Iiact l^l£^ ot th@ t»a8« AMI 
3«otim pftislas letmrnigix »e«pif&toi^ &Xpiim nhcum 
tlmt i t is WBM vi^ of tm> MmtXml MXvmf mah simp^ Wm 
ligr few Itongi^aSimX wp^a* t ^ l^ io aSA& Qhm^m& nxe bimaaer 
tM©fe oMtlaisM ©piemti^ie {l^%) Mhi«h Is ooatimsouo la n i l 
^ ^ olisiiiber^* il4»r| to tlia i»pJUsutlcl^t tlii3«N3 i@ flQiK$|}lii tmt 
0!jittoi«ad imsJocutieA*! i^uJtJ yrtd/sli ff«!tair4s i t s uepasat® 
^iti1^» MBM«i tim mmsmtMiQlM^ tkme& %s a t^tin. iQ<3^ ifamma 
s:mh ImH of fcte s?i@»|»ir®t«^ siplim tomas?^ © It© iiinojr acrgJn 
i s heviag two iist^smt »Mtm Pt l a ^ e r clsscitoojps muS. tim^Q 
jb^lirw nf Urn vmptt&t&x^ sipissa mm ^j^ma im m&h other 
|ui»9iii« §im wsmmm^ of atem|»i3i»£>i« a i r into ttto last abao^iiitX 
ipi;t««il« i#hl^ i» aituatoa «it tl^e ^m»n of irospia^^toi^ 8iplioni« 
fliB two I<tii39ifiii nf tlie vcepimiiCHe^  si^tion m^Q int&^lm^^ mtli 
««i^ fyHmr w i ^ tb9 l i t ^ <if Imians p r ^ m t oa itis mit«r mwi9iw» 
m ^Q m 
Meh spirmci© l«ads into ^splfftoular truelioe* %/hl«li 
i s iioiimd ^ t!i@ i»&sb»m of th@ Qd|a<i@ii|i ^ctgrnsnt^  forming 
a Icppg® doreaX tr^tsoal trunk (Flatst Ilf Fi^B* XO, 3Ji| X^Tj?©!'). 
llaad r«(S©4v®8 i t s tsrt:^heel a«?p^ frcia tlxo br«e!3®0 
ojp a pule of Doootlioraei© lunlmctiisr t^ iwjhaa (PXatt 12, 
pivcjcj off two tosn^he®! 
(1) -t^jreal c«i)liialic fcr®ol*im i*Xfji:m) 
(2) ?ait3?al oeiilmllfi ferftclijaa CVaei?a; 
i ^ : i « i J J lMMlJSSSte* t^w OoiJQal c^i iaue tm^hm L)CSm) 
miimu^ dof^ml^ tcmtosf^ smd aifidm into 3 lir@t£)^ lni»s 
(2) Facial tapach«a (f1£s«) 
(3) i}G»mi ooeulav t»;$ioli^ (mmm) 
• sot 
t««ahi» «riii«»| tuo i'dei^l tpaeluMi ittr&) iMoh lsm@nmt@e 
-til,^ g|al msmim, ^S^m^ i^mml mevOm tmmm& i^mm) 
mxpplim l3a?«i»eiiiBs ^ t ^ p^tm^^mt p'onimi of tfetj optiu I«&w4i» 
3^tga3^ Myimte,.liigft'liaii^ vm^srai 0G:?.!iaXS« tWKi^ 'm (verm) 
csf ««h aida slv«0 off" fiir© ^eao^ifitti 
(IS) cifiDriaX traoh^ (;:i/i*ra.-
ic) labial trael-ie® (W?TO; 
C®) saMvi^sr scf«*iag<s ti^ehQa C^^ s^ ra) 
isi) jH^BrnMLtsm^m^ \^ims$Ml t»mhm iQW^m) utUm tifm 
tli@ ir^tS!tiX ««^ij^ll3 tininl£ omm oftoar i ta ssiti*^ laio the hm^» 
m^ i t s mu^ X@$* I t »tm givm off j)«fir<eimi tin^ hmm^mia Vmt 
'^fmfmk%i& ventral iimsft of t i ^ iMiadi* 
(^^ yffliyffip-?i ffltfflliiHP iMlflflll' V^sitral oiteta&ir tapaahfia 0€S»«) 
ie) Frffftfi .*iffffltW* lAbtiii tVftelieA iVa^m) QHAm Smm tUm 
mnlmH wt^imli» tr«ilMft| ftSMifte to tbs ipeatml otoular tiwitMMi 
t!so labium Mimsen i t ^ivm sxtt omwul fixm ^m&aohsm* 
(^) f^ r^ i^ i^Mw ^ ^ . I W l-tajclliai^ t»acliiax (Bis»2wi) arises 
SKixillasy at;i/l@t mail i t s i$uaol©s» 
c«) .,a,Uitty, ,.TO*,i«iftnligiato» IMUVOX^ ^rimi© ta?acii^ (as-i'^ m) 
l t « i thd isallviwy i^rioso tamelioa asp® «i»0 Civ«a €»ff to th© 
v*atteii pa^t of tlii€i hoa<Sf «¥i a2.so to tis« bmia# 
Jftir ftpr lAtMRV Wp'irf' 1^(f^^ wf 
tito thQS*@J£ CFiat@ III Figs* iOf 11 | iJt^ttf} i^^M (KttsMo t^mm0^ 
of t ^ pvothc^etix givte I3iff tti^it pai»i ^ tindhMiW* 
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|)fflat«I t m e l ^ t th® tisf»t protboraoie ^tmtX immhm {^wsm^} 
aridei f rem the mtmtm position of tiio Xittoapsl trtu^ a»l 
tracli^a osct^ SKls t^ pi.i&irtl imd @iv«» i?ff branelioe tf> tliQ podt^o* 
aatospai portion, of tiia pfOtSasissx* 
ygftteal .ta?aG^^g ttiu rirat! vuateQi tmaiiea (PWisii) osctoods 
f oiniQ^ QM t^acbeat^t ohl4»f ^  tim QSitmto^<mt»ml porti<Xk of 
th^ prct&oms:* Ttm umosd vmlssml tstrntrntk iwfim2} arises 
poats^fie* to thci fismt tamch^a mid miippXiea tc tiie a«STm caoE* 
(PV^MS; irmtral tmeboct osctootis iMMaU^ dsr^ miQiras to Join 
vtUx i t s cu-ar^tospart farcac tim otl^r side to fosm a 'S'cjatral 
tlie poal^riot siofgin at the i«o&t«c«»ia passing tiEicieisi^^ tiio 
I t also givQ^ <»rf sHUQQr fillip il»fiiiioti0® to irmtml p&sft of 3^i» 
W Iffiffilttfi' TiMr* ttm tt»«i« ^ i i ^ of Im Vem^bm (Plti?«at 
a^pise £^ 013 isim f i w t ffpiv»ou3j»r teaeD^ (HsGpSva) of r«sp««» 
t l t ^ tflidedft flio l«e taf«Qli«G «Kt«owi dcarscnrentifiiia r^ foruatdf 
tfiipplylag )»Mii»oi»» to «13l inftrts of i^ ifothfii^ Mtie IQ^K* I^ I^ OIMI 
l»rano!ias aloo si'TO ol t a tm» f lao |jm«r9atloiis t» ventro-
ta?aofi0al tmmk (r l^ot© I I | Figs* ao, i lf Ms^ rraT) of BI©0|>-
cRs^gfis otitj a pjiir ot a IcmgittiditoQl tapaolisa© vtMh mm 
poi^aix©! to each othor ait^rlaie the lajya 3pegi«e of tli© tl303?ax 
mid p^slnn ttmowM ^ o dorssX Itffifitaj^ifial sausclos i?amil*f 
CtPC3i« 'AIISO latt^p auppii©® liisa^rotw fine temch^s tJ?W6«alKi 
a l l pai*ts or the b0#» ProD tiao sMcile of sptoa«uia3? lapaoh^a 
of n«3©Owioirai:,aria© Isifo trsswrorso t?^amjtest 
CD /orsal trao i^^ m (!!a:^l*a) 
(2) Voatral tracHoa a^o '^Ii^ ii) 
Vfliy^ %a;t^  tffifli^a T}»a ir^ i»emX tmeHeii iMaWrsL) SiviislM intsd 
tiro 1»Nmeh«»* fim pmt^iesp ^mm^h. iM&^'Sm2} rmm tatmrnvmne^'^ 
to ioin tim omsrmpcituiijm \mm&ii or tim opposite BiM$ yM.'iM 
the ontc^iov <3i^  Cl^ ^Ws^ dLr) vunn 4l£^aiia2J;sr faifuaiM anci t«BS)$* 
tmim ^vmVi^ above tlid taotak Uismm$fi tamolwA or tii@ €>|}peiiit« 
»iMt, m tlie diogomil !»$«iioli<)6 of isb& tdo a l 4 ^ wemu mmh 
9tti«r, tlMQT ro«Q « 2ai*80 sMi00tho«««i<» Y0it««3L'tra«ti«al «vo«»* 
mppm%im tiKi me0«M.ti3O»ati0|je gefigXloa iNnsia s^i wa^p^t&g 
^molmtilm to lt« 
• as 
ma third ana fourth vmtapaX tsr©0i:^ B© CtifiVfi?«3-*i«f!:*a€) 
'2im f i f t h ireutral Iweaiscli of tij© jae^otSioraat CrisVTj?*^ ? 
cojpa to joto i t s ootutfiiifpwt Sttm tlio otli^p side t^^roti^y 
fhe aosotlioraoitt i r a i t « l eaMl»s\»Q uXwm off sovwal 
I'll:!© bi'Qijclaoa 'co ti^o veutral a«ift Gt' tha saoe b o ^ ai^pa^it* 
Xt ©lao fsiv€® ttio fin© bimaohos to th& aarsfc? co»^ C^^ v r^ai 
antcH? tsh® aMoffiOfi ©Hi « t^€ii«J ynto tli© f i f " ^ abiotiiaai »<®»'it« 
M a^ditioa to 1^ 3090 lmmel^ @6» t te m a^othcopax is also 
pr?5Vi<l««i witlj ts#o !»lr3 of v2i^ tTOOii»©, wltl^li oiitur i^it© 
(ijtiieli is taio t i»»t irljQi; tmitihm) «afism trma isstm ^mtml 
tm<ih0Btl tfftmic iffM^ oiooo to H^ »mmi& »pij?®euJUir tSNuitoiiii 
eai «nt^3 iato tho forwisig* 000a i i f t t r i ta «nti!9r i»to t ^ 
i f i i ig , i t diliriji68 itito tlif<o0 li««i»itfbiS9 (C| m^ and E)» 
Mll lWiini i l i* ^ '^^  seecfi^ wi&e tmioHftfi i»e«i ei3l>ito*NBiiia (O&l) 
tv««tlitA,arising f^Ksi t ^ doapsAi t9nfte!i«Mil tmmk b^iiiiS 13^ Xac 
W^ <**• 
tvmelita, .jat«ff« Into tho tostmtixm to occupy ttoa hJjaa porMcai 
of til© viae aa^ glv«8 out vttins t, ca MM! ii* 
IIE tillHtfWii- '^^^^^ ^^ ^ ^ me^otttomelc Xm is »iirpIi<»cL tf i^  
splpaculsar t*moii€m of tn© i3©@otho»e3t» it rmm to iaa1s«rio« 
dofaal air^ctioa glvinij va^iow "^mi&hm to aXl !.m»ts of th© 
{l'lat& IIf l^ics* 3.0, XI}* B<^ia^ tJi« bs'aiscJMis fwn-i tli« 
(1) Fivo pairs of v-mt^al tiJaoJiflQe ait¥Xi?®l«4^trrraS) 
(2) IHfO i>aiim of viog t«a«^wo ^cA i^ CB2) 
(3) One pair of leg 1si»eb«8c (MtJ^wi} 
y a n t ^ l t f f l ^ ^ i First vmtifal tametiea (Ht^tifal) mSsm tmm 
tli@ aersAi tr&olMiil iamik and m2pp2i.c» I>riit»eli6i to tftMi aiit«ro> 
a^ o^iad v@atmX famdam iiwn3to2) mtistm £rm ^m ddpsul 
tCttoliflKil tmm. a^d 9uppXl«8 pmsmhrn to tiisi vmtmi%&%mful part 
of the >i0tftttu»pQK9 
Sff 
fMrd ^mtaml ^amiahm CHt9f9ii3) ojpiMm^ diwmti^ tern 
Fmi]?t^ i VGtiti*a1l tmelioa (Iiwf3m4} Qxt&m f^ oea tlie 
Tjaiffc of tha Ei©tol;!Ki»K« 
FAftti vmtrai t3Pii«h«u U-\Vift3t&&} nrlses frosa tlm dosrsal 
tam I^icxjl tsfimfe a*'3 ntip n^suliy to beccoo ocKinsKJt«?<i vitli I te 
(1) iafcwioJT eoBtomaial CCRS) 
origin of oubitosmsiX tiP®a^^ of t ^ f<»r«iflQg« 
0lMlffiMilii lOTfthaa* ^ ^ «t«>itdWftX tfttohM (o^e? ai?i8c« mm 
tltm ^ xmmt KVIMIIOIIX taptnle of the ttotftthotux* 
Bot^ tli3 ^lag tpa€i&«tt« fi»ftl»«r give off «ix smla 
moteti'iora^^le 1^ m>&p'3^iBg Wmmh&u to a l l ot its pmft»» 
iiaoii oH th& tOjdimSacl splr©c3U3ta l@ad.j into a ai>l««aotilar 
B^ltraQ'utm! tsxiolmi of tijo staoce^sivio ii«i2E»mtis Joiii yilfe eseh 
Dtilisi^  ijiviog rXeo to a loag c ^ l»<»«i abdosaioal sSmfsai ti«^ wjl3it»ial 
\;ruok (*'l£4t©s Hf XII5 flfia* lO, l l , 12, 13 , M , A|}i>Iml';j 
'l!li@ aM^xsi^ jml ^orsaX txmch«£i}. tnmifo gi'^^ tluree m&to 
(l.i 3m?saX twaohea (AfeJJi'ra} 
<2) Vmtral twi^lJda (^bV^'s^) 
(3) Yi®43«sm3. tamolKKi tAWutim} 
tfflyaal IIUJIMIB" i^Motsim^l dcMniai tf!ioh«m ihW^m) oa^igismtm 
tt€m the cMorainal df»»ial tvi&<^ b«Kil tmt^ (Fig*3.0, Ab01!n^) 
t ^ tiVguftf Ito ism00l«3 9m t^ t»t bodioo «t«* (He of «h«»« 
and iolii0 vith i t s ^mmtmepmet c^ tist othor 0M« fostdng Q 
T^^,3L ^iMiH^,; vmiaml ta»cl««j« CAWtml -• AbW^a?) In alX 
tlio sey^t aM(ni23t@X dopMrnts c l^i^ iBal*^ tif€m, tha aMomizMl 
ac»0al tssmcheal tmmk a t tM l » ^ l of (ioreal ^mohoc biit m. 
opt)oslte uidQ of tfK> latt«r» 
fito irmtfal 1sra&h«m oC m^ih dl«l@ mtis iMssaia^ oad Joins 
t;3»ao5iQa<i ja jiiaubes? of branobM or© ecroiag out yidUsh su.iply tlm 
vnitTQi bcKl^  wHf g^Utsal and post geiUtoi B^neat^* 
MMSmaXJm^mi '^^ ^^^^^ tr©«hoal teiai^ii or U%^ mMmiml 
jpaglQH is tlie vl@oeraI traelutfi (i'2&t« XlXf i^H%m IB| I3t Mf 
ilWefm)* I ts origin a» iroXl aSf iistribtitiOEi ^iffiarii In. the 
alooe^t ta»a6haQti(m or t3s& iriae«a»il oi^ «iii» l»0f aMncata^ 
tli@ ttlimotttssr maml ipoooiir«a i ta tirmoluKiI supply S»mi 
tu t ylsQemX tMobaa (i^lata Xtlf Fig* 12, l>Ve!if»A) tSiftt mfi»m 
fvmi the fivft tli^raole «^l«it«iil«r tfm«2iMi <H8M:i«)» X^  
fladHKitt BWiBtly and glvw €Cf SMHQ^  ^vaaoli^ vfili^ HawslMMit^  
fim ^i^mmml tsmolUHi CAlilNif»ii3) of the thlret aMixtaiiMl 
neg&eat wig$xu^im Stxm K3a» QMct^jmt dorsal ts^oehwl ^nmlCf 
trachoQt©® tlie posterity Tmtpil jm^t of ttio «i»op liail t;!3© 
aoFsal. wall, or Urn e t ^ aM f ii?8t v«ilapioy3tUs » :&i a i^'fiitissa 
to Wme hsmrnhm MB ttmt tossieli Skhm B^plim tsm&hmX 
hrmshm to ttm- milpighiA» ti^ slmXtis mi^ intmtSim^ 
?£30^f8l ti%be!iaa of tho fotirth aMociinal &€sm^^^ ikhVetreA) 
aXao arises f^am tM dior84l tf^l ' iwi tsmk ol' 1;^© abaisstta nn^ 
ssoOs b£%mliQd to Itie laalpighiazi tt:d>ul@ss Ci'ift)* f^ vl^e^ml 
tmsihrntQ ot t!» tttth m& sleHi i^psmts iAW^atvm&f hW$t^Ts0) 
Ulii/£9 '^r) an^ tsr^beatfi tSm d is ta l portjUm i^ t ^ sisX^ighim 
t!Q&mI«fti| JUitostliUi {M%^ Mid tim pvmM&l po^etlm. of tlio MM 
gut* 
Visooaml ttnehoa of tbm oi^ lifeli goptiBt a3^ »o glros 
brcsichod to tlio ali£ittatiiie$r OCOURI wliloli i^MoliaBto tbe liiM gut* 
mrdimuif. m. tmmm immm&mu mmm^ 
• si * 
»mcm vMmimX 0«gis«iit <Plat« IXXf Fig* 131 AW<6$3Pft2)« 
!ni«»e l^ rfuaehiao arise ti^oa nm aMtsgtSiiftl doafsal m^elMMilL trunk 
of the zMisift 9i^mm% mA timoiieeite tiae tseUimlfti^ lebm 
(Fig. 131 Tos) ar ttm EtaXe jpf^^rod^tivo i^stM* f}»9 fiftli 
tvmk and tmn^m tmawt^f ^ivMm into aantwlos? laad n©Qt»Pic«p 
•bs««M!has» ?lii>s0 ^mi Wmxi'mm of 9tt?:^r siaos supply to tJ«i 
©pMiOymls aii-i ^©aicnjla s&sdmtiQt ^mpmtl'V&ii^* ^ e ©isr^ 
0l3Qi3lser« Ti'iQ ITiHQ teaiiQtes iu tli© i^S^eviMtmr/ tittet B»et wltli 
iiwwiHiiiiiiiiiwwu^waJlBiMii III! wiinoiiiiwi II in>»ii»iiWi»wiwji|ii>miiim»ii«i n n f i i w a it ii liliiii iiniiiiiiii 
MiMM^ !^ a^ y ia suppUs^ IsQ^  1 ^ vij^@f«X tarsi^ lida of the f^ 3ni% 
aMasiml ft^piiiift {PlMt& XXIf Fig* 141 AbVoTvaX)* 'iim viM^sml 
tfffnehm divl4tt9 into a umii^ d^ip ^ 1»«i&)m;hc>@ and daeh bnuieh 
InuunrattKi coo ovan^lA {09X) sm& i t s iiip2^«nt« Xi^  tii@ ml4^3« 
of the oviBfrioXt Wm» tmobiml tdum give atfirmaX t^mimm^m 
himmhm viiliih snvgd ^ t l i the e0»t««p«tjrtsfi?« th0 0l^i«^ siSii 
tomiag 6 iMrt(-iifi«li;tSbHHN%,p^ iN3V'14ijiag an ^ffiuifltot Air mpp^ 
for thft lyvwoeyt 
nbdomiiMiX <iQ9Piid ^m»fiml tgmk CvhlBh itsQll* weiMm tvm& the 
into a ntnbei? of tixm h»&m^m& vhioh »upp2y ©fflcioatay t© 
Vm dorsal and v««itml BiMm of ttm amtB imd glaaasis of Vm 
f«3BOlo r0proc!ueUir0 ai^ataia* Tte® I)i?ancli^ 2« 1 ^ maot join 
t i l * tOiely ooimtwrmrfes of t l ^ otlMs? si<^ fojrciliig iixm 
i*lig i>oetU3?iox* branch of fclio alxth viacojml tapscljOQ 
(iii3Voi^ lw*6) of 'dio aMc«i««i also aivM«*s lato ci dos^ «il» wd a 
v«it2®l l)3?aBKSi3| md truQhm.tm tho ga^ital olwalwar mid erter-
p®lr® of air uaea (riet^ I I I | i?'ig» IS) 5 
(2) ?<gjtyal. air #ae (VJLSC) 
« Dossal idr «@e (MSQ) ie a«i9l.i«r in «is# 
(6@ n X ^  u) I gUstery «hit® In eolwa? imd is sittintod la 
tilt m«ttttlto»Msi« n^^mK^^ fm imiired mas U<i jiajst sSim^ 
ii VmtamX pair of &ix mau Is m^m&M tmm 
iam m»9p%tmmx «|pta i^ mitmWxmix* ^SMs Umf» mi» of s ir 
«p$3mQlmm th is »a0<ml«ur dil4iMoii ^ t m d s h&tm tAm otlicMin^asy 
Q«mtX and iivwi ttw «pi»tt8il»»iee ot «i omplm of »@iir £ ^ iii^s» 
tmt adtmlS^f i t i s a siaglo pciir of &is mn»m S?t)o li^oiii vec^ 
t ^ l air s«« in aivisit»I# imiso ^imm 3t4^mmt thQ aiBt&l 
ir«@im ia a ball;ooi»»Iifc@ s^ niQtias*^ mA ia aJbost <>QtmX In id»a 
tJ© tlto ii0s?taX ptii? of a i r aiieej ^10 aidaio f la t portion i« 
Mil^!S&ki&^ :><^ittsii soeticoi of &i9 @iic (Plat^ IV t '^'i@* !3^ ) 
si^ }»is « 0i0«# 3tmmib1m&& vith tapa$ls@af #»3oept timt i t tmlm 
t ^ iat^siaX i«^^* tlm sdx sm ia liood ti^  m. &piUmliMl :t^m4 
"Sim mXiM €if t ^ ftpittMMai Itmmf hai9o emxismXt^ plmod naoifluti 
mmmm,M xmmu, m^, tmsimmi 
2SittMl'> >^Qini«i tanwiibetti tmmk (put^ W9 n^m i0) of 
lillillrtffffltffM *ffTnHlr*lfl. i* ^ wlSJO&ifiml tiii»et 20»si6 ;» iiidtf 
imm$m i^ uNWi^  idMi l«Qcth of bot^, toiidiiig luNm^ios to imtloti* 
U»mm^ tm^mM ^mmanamf arisiytig fvoet tlie doanifti tiwoliofti 
Wig§0 3.?y Wf W) &i MMfWtaiW ff"*^f*^**^ t0!mm a ISila ^pitlwk* 
UMX %^m C % ^ aaS « thiftii Intlcml l w ^ » ^tts tlilftlsiiflHMi 
of tAm lifWmWkl %jij&&3t wim e^m^Mmfsikt^f tm^diMB i t aiffl'* 
8u3tt ttt tsmnwm^ hmmmf i t Imfi M<»i &bt$a?v#^  to |}«3 Xvas Uiim 
0»€@ )i« fkm epithelial mlis &m barring £i iiii«itm3Jjf p3ae«d mm% 
xsmtj&m iit}f witk » i^ a<elaolfis Cni) aM &«Nmsf«i ^sfmmlm C^)» 
Bulim t&« 0|iitli&Xi&i Ia|f4»| tti«3P@ i@ 0 tliisk Iiiti33£il li^m iM}^ 
^Meh is Sma»«tatot tot@ t ^ ^ f^artictisi 
( i ) w\-i<mU0ie ( .|)Ct) 
Cii) imoeuti«s$«( CiijGt) 
.%^i|tf |^fi^.i ttm Hmm tpitutiouXoir XJI^ #I> ii:^t) is 1 to X«S m 
t&ieii; siM U y«i^ifit3ir f^MM liiti» taaaiiin (tsi}« anoli of Mt3 
tiMml4iii9 is iO«*®0 ««i <gfli^  mad &pm^$ ^psmismt&^f ^ im 
fja^aa^^^ltsi fim mK^m onH^iitiotilsir l^ qrer ilW%) is 13 tG 2«i m 
thioir* It U liiiMr «i«dti« ana peei^Um tho r«quived fSfixibi* 
SxMu£ligi* ^  ^f^ f ^ uua Bilditr 4i£f 2«^t to ai3lc» iaa«pa^«Bt 
tfliftivviiti«fiit m tafmhm%»* Fcnf iN»iPBiii«KM«t Wm^^9$ umUma 
«f liwitiilt mawlMd l)«t« INNNI tuiMn n^ft tli» t»Q«$Mioi«s lxisMMrvas» 
flm ttqMiliMilM «Ni l t i« m 4if»otMP tliaa ttio tliinii«it titttlitft* 
• ^ • 
awFBmf(M SlatM m ggMh IW^^M .fA^^ WI^  ^'i'^ • CMSf4) 
ai«# is ?m3^  csae pair of ftmetiiomi mjXm^lm d'lata ¥, 
F4g8« 2l | ie) l» i,a4l« aiMAE iB^S&mf Bltmtml m nm post®-
vim «Bctremi% ©f tlii» respisatofsf sip '^i^ t im) whloli its®lf is 
a fl«ii«r» MtfUftllr til© l^a t^fii^ ® is mt^nSM into flirt U^m^ 
out or Wmm film 1<^ N« Mu» %M» on @it^ pi» uMm hmtum arOaapgMt 
ifft@«Btijag 1 ^ tmmammm ^ a fa^p, tecpua m 3i>li?«k(iulaf imlir* 
(S]^)« Biiw« ^m> Wk^m mm an^portad ^ a aon^rotie t * i^pts 
tteE tM prmlmm p»ljr 1 ^ ««• immm m ^mm^ spliNi«ul«ur irmi'poa 
iQ02)0 fh0 lm% Mia ia ymy wm%l,aXmiiU& in i^a slMl# «>f 
twa anail taMa i»a la mam aa tlilJrS api^iaialftr imlira (§ff0)* 
ae » 
4X3. immm five to3d« of pafi1»«ne iur« iB^mpecsmoetad v i ^ 
0^li otbes* through Miffi^ots anoloiiiiiix a ecofsion oi>miAg fof 
^le tm Mptmtilmt »^$im%/9A miS^ ^ & thin nw^mm (Mb). 
Tim t » 8titip«d »e].fiifotiii ntasmtwtib n% i t s ent«rl03r mid has 
^,teJ«; a.B,v!iiimto, - C l ^ , 8i;j^ ,B.to* H^@ five xob^ of ti^ 
pejpltiPeEi® ^pcraala foMo^ ^hm% the larva «3iveS| in order to 
pff'Sf^ mt tii0 esitiy of witm* 'l!Sie foMtng of t^ t© 1*^8 i» 
lufosflit abmit by tlie ©loslic apyaamtus* 1!l^  si>il?acu34Mf 
cJoslag app«dKitm (i^ Sat® V^  .s-lg* »i) of th© isanrQ -oi j^AiSK 
i l M s a li^ieiym ©imslsts of Qloo^m mmlm m tlio la teral 
si^ -0© of the tr®eii»aJ. troafe. F.aoh S0t of rmacl^ bunaies haa 
tli^ *©© LTUisolo stnmcis UiaXf M02, J-i;^), wliioJs aa one «ija ai»® 
tttael5®a to two las^or foMs of tli© spli^eX^ iia«i aa tho otiier 
h@M,to tli0 iiall i»f oi^Ht^ QMoaliial nopsimt* ulbflKt t h^o 
iaiiaeX@» etmtxmtf %h» foMs Mtli th«ir supixwting etiltlnous 
?«d iwr^ aowtam&i^ a i»od) mtA imms^ (foMs) tmd bmmme ttm 
liuf@m to3M are aXso o^sm@Qt«d with th<i '^ fo m»tl«t foMs 
t^bi^aii^ ligoBdEitSt tiiw aI#Q mnr« ttie @piraioulair valves ( sp^ )* 
l^i«gi tbst mtaoliM wtmeaffm (of tho exoslug uppox^tus) »it2«i:« ^ti« 
iq^Uwsl® mam outunvftftf th3r«%| opening ^i« i»i>irae2«« 
• 3? 
iQBgf 30 » v£(S« at baaet 20 n vi^ in the mSMtui mi& 17 n vtil« 
b«3U7U the spiraeulasp t»pe»liig# 
sjlttsated at the po3tm*i.&f <3iEt:r^ it^  &t the i^ eeplJmtoxy siphosi* 
She Jattw is tolXiou «yliadri«aX att-uctai'© i/fiose timll is 
bigh^ cMtliiisEed* kmh spljraoa^ ^M<^ i ic siteatei ot the 
Barroir apcoc ef the sii^eii) Xestlis) into a stout tifiiieheai tsinmk 
msailae tairois^ the ho'lJ^ jn tishe of tl»^ reapii^atosy siphon, ctad 
eotJtiutJLiJig totcj the dorsal treoheal t^ wsnlc (i)Tmf)« linmlm of 
the spisracwlar regulato«i;r appiiretus ajpo «3teo oitaated Inside 
jiagittsl seeticm passinn til*»c»glj tli© ap^i of rmpS^mtm^ 
siphon (F'let© VXIg Pig•31), siiwa t4i0 valve© Ct^plHL) of the 
poet ebdemSiMil 3pli?c»34iy ehitinoue rod iQUi) ana the sRisQlee 
ef the eioaing «ppeamt^ e CMCA)« ^Srmmwwpu^ ^mttam t^^mi at 
tli9 eildai^ e portiim of x*^pi?atot^ eiphen (Fig* 3S) of ii^iS^ 
llfliflBil tfMii^M ehons thet t^ io XNispii^ citeii^ r eip^ hon is a l^llof? 
tsolbulitr etffnet^ ere vith iMxik ehlMacms tm^ imli (B^)* IXk the 
miiid&e ef tiie t«l>« tvo tSc^ Psel tsraeheel. tmsike (WSsmt) aye 
present viMk m/mt es^itheiiel (li^th) end iatliaea. Cfo) lair<^S| 
on both the siaee of the aixmel tmeheel tfiiai»tAV« preiHttt 
throe eeta cif mieelee CML| ll!!32| Msa) of eleelng ei^ petnteMi ^ 
the epiimeltt* 
* as • 
tufmhml s '^»t-«a C^lata ¥1 , Figs* e4, 2B| 26) of fijaJjK 
Mialifim £file£sma 3tftrvm ccmsists oft 
;i p:iir of a<M?sal tranhaal toimfes (i/l^l?) 
A pixir of lateral tracheal tjnmlcs (LtTraf/ 
,^ a»jBl„.teffijrimA, „tegafe^  i^oraea tieemhml tmmim iBTmT) ar® of 
0iar??otias GSMQ :;:nd, ran dorsslJjf thymigliout the body X<stii|?isti 
(froa b«aci upto tl^o F«»jpl»to»y alphcm/. »aQb do3?3al toimk i s 
B0dii"ipi to fo2?« s billed pox'-tioa vithia tim m^t^thmmx @M 
fijfst Bm&a uhd<x:ii£m% socmcsjjts • 'intaapior to the biil^ad porfciim 
Sa tlio laetatl'ioifsoca t to tsnmk suc1«I«ii3y iiaw*owe GM diir©rciae 
¥M02yf Bo^ (m 0lth«2r sMcs of law thorax to t€a?mlunt© la %im 
him^9 At th© p<^ ft«riC9ir <md jui i3m eighth uhdmniimt !»^n@ntf 
bofc»?o 0i!it@(^ i&g into ttio »ipl3im on ^m vuntral aspiiot of o&oh 
taemiii^ ««X trmlsi Uwee a ^ a nvmhmp Q£ os^pt« mr aopi*osaiaisat 
imm 0meh of wMeh oriaoa @ fo3.t--Xi<£@ ofit^ s ox" »^iol}@oXo0 pamim 
Into ttiQ spaoo lioi%ii»a tlio tf^a4»ei olia^ l»oi> of t3m hoorfe (Hl^ra)* 
lastlTt ^MM pQ,99im tt^irot^ii the @lplic» Etui Junt tm£&3pe t ^ 
twmlmi i^i*»ol% «GMIII vemk tosm short folt olwotoear* 
l i l m ^ tgfflffflBftli iWllli* ^^^ paired lateral trsiohoal trrnksiltTstot) 
vm i99m tbm f i r s t thovaoie sepMBt ijpto ^ ^ lust ftMomlnal 
txntti mppliMn varioim tiffmchet to diffovont pmf%» of tlio i>o4^  
i® vsisf aerroy la ccici2?ai?is<ii to tho do£*9al tapaclj©©! tanmfe» 
Tim ttfo tii*un&^ » !«#•» ^c^sai cmd latosrai ^ air® joiaod with 
©ach other 13^  a nmlm oC *t»aai5V€B?®« oonaeotiirosHtyCaril «• 
frCoi3i8}| fljP0t one In thovtut md Urn lamt nmm in ttvo f i ra t 
sMo^iaol 0«im€Bts of the Jarvsil ba^» V®«^  iiesip to Mi®i« 
are ^oinod aosrsall^ wltb moh o1&«)r Issr a serldfi of doafsaX 
conrds^iireg (MCosa * DGmB)* 'Sim f i r s t doraai «»njlsiityp© i s 
atiemt md i t s plaoe is taii^ii b^ <lovsai oeririea^ Q(xmlmxut& 
(DCCcsci)* 1 ^ ^or@al e^snrieaX cmmi^mw^ ^Ivm off lat^raUy; 
pciiij?ed trcii0h@a«| %MJSM auppi;^ tio t t e do3?@aI nmsoles* Ju»t 
P€»3tttrior to th0 tervieai «omi9iEti£^ ,'i (loi^sal oeplmlici ti^tioliea 
(TCfvt) ttiPis^ fipce «eeh tsnsife to lzm«rv«&tft diftwrant pwrt* of 
mml MmimlUl, tmsmt^* J^H© do^sal omphalic isstmbm (2)CtP«)| 
«f t^« bvttln* I t •uppil«t «p^iiiX33r to m& brain imxpm^ 
omopimg&tkl §mgl%&ti and opti» lobes )f mM th& ^m^l^psm 
Qtmpom^ igre aa4 the IMSOX^ of t^ €t tm^inc him&i^M of i ta 
si4#» file dorsul e^{iEiIio tmdDit &lm givis liatwrnl. 
(a) HaMURilay trootiea (msj^a)! auppljrtag to the 
(Is) 0Qm3kl&jS' txmh<m {Q'Sra)^ to ooeiii* 
(a? -mtomml t^eSiiBa C/iCd^), to tlio oiitaojml syuajUaeats* 
(o) iiusotoiu* traehea CMB1'»}> to S&t&m&l retractor of 
fmlaml ffit^iUg 1agiC^« ^^ ^mt^&l ooplmllc tmohm (?cri»a) 
^ i2lite ttet^Ha ^ i^s^ff i^^  luirvst gives out five brsnob^s t 
(b) im)^ti3a» i!mt)^m$k ^MTwu)^ to adductor wm6%»B* 
to SjiiMJil xiidJjQflKita of M<T^il»l# toiA SIIDCIJUA* 
(4) iimmmakl tntotida iAis!l)m)| to ant^vinai p»mtfiQ»o«* 
(o) X«d>2a3. taraiotida (Uitrft), m& !%» bmsmhm to intomoi 
toiPi lA&lnil nioiKi]nKO»o wiA fXsli^ SJit oto* 
togr A iJsUf of ir«iitapa>l pkiigiimio ttpa«h©0 (?gt»«)» Tbm f i r s t 
OR© finises ti?oia taso venta^l 06S?vieiil tm^bea cad g^Esiljader 
* Ttm Mt&put ts*aQliml t2M3k of oittm^ sM©s, 
lis oaoii seoEiosttt glv©© out a paisr or t«tici3®a#f vhieli «r© iaioi^ i 
CI® 5rise€3i»il tipit<»^ @@« (Vefsm). ^ s ^ t tMols^® supp:)^ b3P»Aoh@8 
to al3L ^^ liSfts of th© ho^ vicceapHf specie 13^ the ailsisntaxy 
eanaXf m l p l g h i ^ t t ^ I e a i!«»d fat hodsf 0te« 
^ m ^ . . i . m t o . l ffifrgaiRa3L ,sfflig,t(g»ai«>* "^^ rmtn dorsal OM 
^ontual ci»tricai tamcl'^ ia© um oaaaeetoia ca oltl^r &i)^m W 
ma dors&l trtiehMiJ. trunli giT0ft ris« & 3avg« lasiEs&fittf of lalmitii 
I»S»M:M5I^ «& whieh mppt^ a i t to tli6 ^^wml hlmA vmaelM imd It^ surt 
taftsife In tbff iNitgim of t3ie post^MoraiosI aplamtm^ mm et 
ftXons itii l«aQg^ to m i^>3;p tsi« %»o gi l l s of i t» »Mm* 
^fihmmi tim ^oieml tamGhml tmmk iv2Mt& viXf F|g« 27) of 
^svtnifiKmt the o^Oy la»g^« th t t»ao!i«^ la !javlnij» ^ Ottt^r 
of ntj^Qitlto lai?'m® ocmsists ojf two la^ m.*®# 
bl^ jmxn^ 2me3«l, (11) mni &^tQp%&mi vith yfmnxolm* J^ &i4@ th@ 
mieleue ,th6ir@ la a o ^ t m l l ^ pXt»Q0d mio2^ @olU3 (nl) ciM granules 
M^r^ i ?^^*T' B)tlmX Z^GT (£3) om0i»t« of mstoff ii»iooutiel« 
( l | ^ ) vliiflli i t tHwoiii lal»o f&MM^ immm m t»miMiA (ta)* flit 
wl4#« A single tft«il4it» en s^t into mmsi^m^Bm tritli ^aottter* 
f r w i f f^ ftff* tswovfers® »mt&m of iii«} i»o^ CFIA%« vxXf rig* 30) 
^ liSlllik BlffilWIH ftMUflffT i^ is^ wt 1 ^ pfMritloB Ckf dorsal tapftoliotti 
«ui found In th© HOB® of ts*aob0a. (I^a)t but the di<>f!i3tl»p of tli» 
fhn Mt^m of itt^X^ |^ ,^p;|siPWi WIgfflli ^'^ h&rin: fcmz» £a:iaX 
giliu Ci-3^1^ V» Flu* 331 Q}| iiplstoe froti tijo taeobmao arouad 
i0}Q mm^m M ^(s f oixrth i^Qtar Xoxm^ ^* MM. ^M^ ^atifffip 
.fel^ g ,^p|S{,s .lagltijaX sti*.ttioki wi' tlio sii.1 U Ijutn *fXX| '^j^ j# 33) 
3hmB larc« fiattotsoiS ©pitbelJUil 00II3* ~aieh of the ©^Itli^iial 
oeil QdTislats of big 3KXIM mmlimm (II) \/it& ceatral^ir piac®a 
mitolJsoMs inli md Uw&& uig «a*i two mt tiiroc »jaxx« L'X'^ awjtl^ ss 
(6»)« 'Jytoplasia of th© #ptttoXi«iI 0©li® l« d^iso ytth owtaia 
vacmolfiNs* tim cel ls tOtfaMs thy Q&itml r@gi<m ore l&rgi»? ^ban 
tlii psemtimLB on«« iisieii g i l l t& ImvMg Q coatsml 2i;Ggifln ilxm) in 
^WMk imm&l^mgii i& In ftrm ecsootmioatior t#itli 1 ^ gfxntral h^ 
emrit^m h %m&hm Cfva) mmm aUxm. ^ ® <)s(i® 5f (»aQli g i l l l ih l^ 
8iilinli«» lN^Bieh«8 to tim luttoip* 
Ml 44; "* 
n?c situated 1;^  tim ijatememmHskX mmft^nme^ h&Ut&mk pr^plmmoD. 
tiwlfir* f&© a©8otl:Kaweie sptwiel© (r iat t fl i lf -Vies* 34, 35) 
la ]iargQp la sl«© i20 ji x 12 ») Q« ooapai?©a to QC*st!soipaoio 
Gts'mtmmlS^ t>oth tfya j»pJbmoIm are ia«£iti<»al* £iach <^  
tho tplmio^ i® t]orf» o« l^ia 0mX la 3!mp@ with Ita lUmgituSliuiX 
«IX1A pai*jin@l to the inuptlo^I plaoo* T)ie ho»&w Is thle&«i«d 
to tons a iMlerotlo ring ealXod *9pit«i<iulair vim* {apr)^ ^MMh 
epma jxito % svsiMm fttvUn^i vlioee ijmm wM. i» 'safav%M& «ritli 
a ii«23. ai9«tl^p#2 tiltm tippmmtm (fa)* tlw flitor appaamtui 
oonsitts of Icng fixiitor»li^ Intiiaai pr^jeotici»e «lfi»02^  eloiai9d 
mtGfiMB into tho raspiJmtosy i^stas* VeotspalSy thw spire-
dulair ifis (&w) pPO f^Ki^ s oat; ta t:hm timst i^ a ^tisiii^ ^^Q^pal 
i?®g;lc«i» file m,tmii&e posftiosi of Mi© iPla fo«»s afil5a?l«M? 31p 
posit©rio« lip (PI»)| wliica i s lEss0»ait>l^ » :)ot!i tiio lips ore 
Joljaocl lay a iiJJi|j©t .Iwitej* imll of thu il05?3a2. lip i^aooivos a 
v^i t rs l prcxsosfi» 1^ © api3?£seX0 eXofios by tht* etifit-^actloea of 
t ^ oceltisop atiaci©Q and e^ o^os bj^  tli© :p®la3mtioa ot tlio $iim& 
Mj^mtimXMMSMXi^* AbtiocXimi snlKicXes roaetible th@ t l m w i e 
splJB^cle^ in thftii* struottafQ^ Iml; diffw 1» ai«o» Fipst aMo»» 
miiml spiracle i s t ^ laifgont gpii'ai}i@ in tlm bo&a o£ i^ i^yorjli^ t^;^  
I t l@ sitUDt^ ^mm,U^ in t i ^ iiitttinitgtsiiitfti 8tQiii3b«wi» 
tmfsimm m&tmtsiiiamx and fHwt iMc9@imi e«i0Mn.t* 'ffie ir<»s«iiiiiig 
f i f t iOs^oiiiiiial oplr&oias mm uttmtM aa tim ^MmixmX »i»mmm 
i^UmaiMi a»« aSoiXtof to Uiat «xr ^lo^neio spis!CM»i«s* iiowwrarf 
4S " 
fcJech spiracle aa either sl^ Um is eomi®otod t^ ©hojpt 
actrsal troQiisal tmm&is mm along th& ho^ l@»stliy sosKliag 
tlm hm& (mpBMlG of the |^ .a,s?,agm,iM Ji2JySJiaa s^oiVQs i t s 
tJi^ <i!j©al supply fi*c»3 t ^ imiJpecJ fpi^iueiilap tmetiee© ot aeao-
tlM»aeSe Qpixae'^^m {Plates VII1| 13i| rieo# 36, 3?, i-tsi:;ptarei)» 
1 ^ s!i«8<»tlios'aaio splroQulaif ti!«K}l'i0e of e&Qh aid^, attmf trovei* 
ll»g a l i t t l e aistfineo t^tm it& origlfii giir«& &ii tuo :^*imeh«i;&i 
(1) jjca^al eop^lio t»««>li«& C0Cl*«a) 
(2> Ymtral o^jiialie tmohea (VCfxs) 
Paraali aHftMaaAg, tiiagfeai* '^mm% ^ «p^iu tembm m:im&B 
t^mmM ovwr tiMs br&Hi ajatl ^vMm i»to four lueiiiusheoi 
(1) QmultiS' tmxihm (CKTim} 
(S) i\fit€niiitl tvciQlieaCAjQS^ ra) 
(d) l«l»mi lamehofi (lliefsve) 
(4) Fii«illl ««ft«»llOI itfm) 
•. 4f • 
tefflte ttf^ flfVI?* ^ ^ ooetilm' tiVdohQQ {OSm) arlaosi slac^t 
at tho bmQ of dtmrnut ^^I^^MM ts^mtms^ iXTim)^ md supplioa 
but boro^Q roacliinc th® ontc&jasp i t divides to niv^ arxtcimaj. 
tJpaeiiea (AaTra) to isitm aat@3aa# 
tJt&Ghm io thci facial traolsesa cn'ria}| v/!sieU ci^laos a l i t t l e 
tofront of thQ Mtmml t^ acsiitm awa %mim^&Um Utu mtmioi^ m^ 
B©sM©s ttj@s®, li ftfi« W^xmh arl0«j tra^ tlie aof^ aaX 
oei^ieiic tafaohoti yiiloh mass aoaall^ mid tomtQ t-rltli i t s aotmt^?* 
Vflptgai ftg^^^j^^^ <ypyip^ ,fl^ fl^ t thd ir&atrai oophailG taraoh^Q <vcTv») 
rixui ir«iit>ttljy to tbo <lQv««i eei^mlie tvaci^xi em divide® iato 
tiio toBnehniBii 
(a) AlXtMNPiOi* ^VKIltll 
(b) Pmtmim ^miaah 
4B <» 
twactl'ioe (WtXQ) cetors tim hm& @M mttmlan SavmsfH^ boXoir 
Cl; CSMrial tsaoltoa (Ub'X'tti) 
(a) iMbiMl fcs?aolioa i'MSm) 
UMmJAX. teato,,! 'i?H<i oibn^ial tamo-hm {omm) isxUm fKaa 
til® wit^lca? M'cjincli or ilKi v«at3Pal c^pJialie teeohim and ouppilea 
to i>h& WaUu 
li^l'lim., ,te.&l;<?S,s '^"3^^ '^^ illiirj t^achm UiixsL'tm) c^l&ou %B2m 
•tjgyf^l^t 'I:M aabinl tameluMi (li^'ii^) siappli^s ail? to 
^ o labitaa* 
ilfitifflil ImilfiliB'' ^ ^ lat^tml txv^li^ (LtOi^) c€ ttm irmki3mt 
eapteUo trach^m (WTs^) srtipplJ.«s U> tfm ir&atmX &»^  l^tupiii 
jo<a^ * wall aM tiwir !3U$ott3Ats3iN!»« (M& of taici f i ^ tamolKm* Sttm 
the aatdffaX Iwweii m^mm m»V^ m^ m&U vim iU a&mtm^ 
port ftmiim ^ « VQBitifciS. eopli&Xie dixoisatss?® <?<^OD) bolmr W» 
Tim tamohmm for tho s i^pply of tho tlKOvm arise ft'OB t ^ 
no8othor««l«f tt««ath(»«Milo loid fispst «l>il<aoisiia »pii?«oX«i« Boyoul 
tssMtohcaX tmmk. also iscmtvibutoe toimx^s Urn ^ &&hmitlm. at i^ 
H , Fige# 36> 3^1 SfTfa) of tiio aiwotiiojm^sKj spi^aolt ^hielj i s 
Xoaoo^ J i^ the lntmn^s[imxtQ.l tsfs^m^^ batvem p^oplmsiem. m& 
<••?/ Thi^ a® pai^a of vrntml tamcU^ue (iVTiml * ??i:»ii3) 
RrlsiB/- fi?a-.i tii«j aoi<»t!ia«'aoliC spjUaeuiGS' two;*®© C''5® J^P'^ 'i?a)| 
dorsal ti?aeho& i:j^m2) ai@0 a i ' i s^ fB» tlit m^othoirsKii^ 
spirstolOf etna f^ctoctas fiorsalS;^ to 0lir« l>$'iii2aho9 ti? the 4o2rsi»» .. 
lUit^ rfiil. portion of Ui& protiiotwe* ii fine t^ miio]^  trmn tlm &mmi& 
dorsal trachea smm xsmm oM joliia yith i t s o^ mtaarpCMTt tsmsdm 
fine AwtBml prottemoi<» oo£Btstftip«i (Fix#«)# 
:ir,mlrfii „teftfllMMI* ^i^a* ^entimX traclm CPTOml) m^m^ fwwaawl» 
Thd »0«i€ixl ventral tv»o!»»» (PVTmS) arisos posttrior t e tli« 
timt aaS tra^liMit«» tli<» i&«rvfi 8tm$lim aitd novir^ oo«ft of UMI 
oQpsslit* ?lio ttilstl pvottiofiiQiii v@»t]»i3. ti«e3s@e CF?Tira3) «Kt«Eiilo 
S9««fti:i^  ^emems^n to join lt» «oimt«ppiHrt &£ th« iytli@r sidtt to 
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foam o v«ix%v&X 0otmt«Eit»r9 (ri/OoB)* vhioh Um mitat ttm postmrtor 
md Q&pM'lixi gai^liflUa I t mliiiii gitron nff mciiir fl&ci tHMmohfafi fed 
(ili'ya; t» the protiioifaeic log^ wfedoh asEtse^ dw»e«r0ati?«13y 
fai?imJ?dij oui)uiyluc toa£ieh<^ to tail psurta of protljoracio l@g« 
Si4raoJ«i ntfiu vcsJtvaU '^ and baecaea c^ait;,liiuoyy with thu dosrwX 
lwa«!3«iQl tsnnk of tlio abac©« UhtX'mkt'^* 'itm emiJi teairicJi«e# 
titm mei^^mfmiia (ll^p) ma %tm fimt ^im$sml spiraoliqo (.\bfjpl.)* 
(a) BQVQQl tVQOhOli (Mti^ KI^ ) 
<!>} V^tMl tv^hoft mWim} 
BSS&^maaU^M* i^m&tSmemU &mml tsemimn CiteDIEim) &»Um 
^mml tam^MH iMiMm> m^k»m ftwo me ftwit ali^ omliiiiX «pii«oUg 
Uli@l)l) an& Al^fiAm Into tuo bvanehoai 
(1) mtmiep immmh 
(2) ie*mU^tixe t>mst&h 
B^ttac tlie QiitJorlw tiraofiiti of tlia spimetM la tiM folicwiiig 
j3Qgr3€«it;« 'Sids us*r&zi^miymt vmtOM in tMa fonaatiosi of big 
lateral Iwp itth) oo oithor sia«(S of th® ntopsal iresa®!.* 
?a2?ic«is ria© iMpGiieiios o-om out fi?o» tfils big $M%mml loop 8«i»p** 
lylag to Uw ntis«it2attir©f bo% <^mll md l^t bo^ of th© f^oissi* 
TliJUs 3toop q3.ao saiida brmichos to Um b o ^ vl@e€»?@* uao bi'aayoh 
l>OQ tiila ju>'v)i; ^ vmn nm^Xi^f nvmtJm. wltlt i t s ©0Witiir!mi?t$ 
r€ii»3j^ aii»otii4j^ in3iij dorsal oeiMismii?<a Ulum^emu 
Jp:ip^l ^ ^ Q ^ a 7fm ir@ritral tmdh9^& of ii^o*»i MHi Batatl'tOjroK 
(F%» 361 M^W^mt Ht^ra>f «!BCt<x3icl mmmd tor a aliosrt distanod and 
j^©t thoii? eot3rit©J?pa»t» tfs'cis tim otbeir 0M©) to fojm s voatwii 
ts%l body tiiillf mit&Qtilatur« ajad thcs fat boa^ 0^ Umix t^^ixms. 
XEI aaaitioi to tinemf wmt&t^uimi»lo vm^ml taem^m d«a4# 
two l»2^ Q£3tth«i to tlie foviitfitig Q^Ki i t s »wei0it 
(1) coatotaaifiX (CBa) 
(@) cubitomi&X (c&l.) 
-> bO. •» 
fi|>i^^iQ|ffll|i att>l«o^3&i tamilMm (Flg»36| uai) also airiafMi fra» 
t ^ metatlKSpacic gpimmlm mn s,ttmp i ts a^ti^ aa©© ixx t^ vin^^ 
i t rta?iai©» divide© into Uw^m tiseiMQhm •» imdSMf ciibitm m^ 
|) ;^_ tyaqj^ ij^ t^ Xlm ?a©tat!joraoio spi^ QCl© also scoiiis a ic^ t^ oh®® 
CI-!SXI:J?SI) to th& riBBoUxortmie ic^# *rMs trtseiioG risiiB foxniaj^ ds 
mu m^, lim Uvrnxoiim to ®Qoh v-aift ol' racasotlioracio Iec» 
Bt aii.lltica to t^iwOi tl.10 rirjjt oMcaiaal spirsclw 3i3Sids 
(2) oobitoosml, traol3iHa iQii2) 
m%(m^UA jrafiHin^ "^as® ssodoa eostoissdiia tm&tim (Fig, 36| 
CM) mtiam ivm W^ ttmt eMmdxmX ^pisemM ma. mskt/mm ^ ttm 
hllidif2i3ii> Soon after i t s tiB^Niiio« in the MM idae^ i t ^XriAm 
into tliroe u»u&i iroinftf nost&i giteeata md iMdina* 
lilt Ijlniifini al«» flil»«i fvon tbft fivst $Mmixm% spiirateXe anl 
ftft«r i t i mtmmm^ i t divi^ Uw late tlipe» vmvml is^tmmhm i*o«t 
• ©3 • 
^^ ^Jffw^pwBi^^ W P H W T B ^ * * lUpirWtt H F ^ff ^ ^ W l ^ ^ f^r wv ' InWP ^(Bw#%w ™pWflWHK(W' ^ r 
smp^^m 3fiaaa I»3wa0liai to u l i pitrt© of ^ o wtatlMwaeie l.#f» 
tliowE 8i^p% a i r to t ^ t!c% %«all «<l fa t bo% ot t i l ls 2f@gl.oa* 
'Sim m%mim temielt wmt0 th© postt^ior fem®ln»l teamli 
AMwOxml fttpiMt §iwm a lnfiOiSl^  wMeit ^tmm'U mmtiX^ m^ im^^ 
ifil^ iis& emxntmpoast of oth«rsi«i« fomoing fin® ^o i^raitl. oomii*^  
doBeiissiiras or ms al»aamSjml 9«pi«ti%si m^|?3r t^tm&hm to 1 ^ 
dorsal vod30l|^  dorsal b<^/ wall sfiid !m2s<3o3atiB?e of tlio bod^ 
in tJiat 3pOj3l<»i# 
^l|3|iyi^ igf iy^ t '^ iie vmt»aX lamelisii UWfrml • i\Wf^6) of 
oaoh abdosiiii&I soos^ -^ nt ^oitond B«3aia^ ©iDd 4o|n '«ri^ tliolt 
cotmtel?»a1^ tsJ?o^ ra•1iiCl t!^j i?mti?ax aMomlnal cotials^uro (AbVCoal •* 
tim otJt ami stipp2y to tba n&atumX aowo ooifd^ fat bofiyt vaxfei?al 
l30d^ ' waiJ. uiJii BttsC'Jltituyo oi' tha ^^i^m* i^te3?ai Xmm oi' tlia 
prothoveioie iriaooml tmelioa (FVo^^} ./f-ildh arl;s«$ tuffsm tlui 
mA sivfis off ti»mmtyiM to tim&hoot# th@ oo@0|)l¥ :^as (Ue)f oif<^ 
(Cxp) Mi^  gfistafiA eooofto COGo)* Vim&ml tmofm^ m$j»im B^oea 
tlio lalMNNil loop of fotapth iiiiaaminal oognixxt (^VoTnDl) iiTijl«s 
Into two Imamtumm 
S}|0 f if»t tNMooti 1syftoh«tttte tlsio po«t«rl.or porUm ^ 
• 6G 
ViMemul tam^bm ftttm tlwi fifth dMomlxtai anpa^tit 
8uppli«B air to dllstQX portion <^ the niidgiit* Bnoielie^ fxrce 
ti)@ lu ts i s l iDop of aov!»^ s^^gimt Mm^%Xm &iif t& 1 ^ r^otm* 
'•;>3aiinal i3pii»aeitlar tasictiijaa© of tim ©ist^i aad awmth 
s<aeB5*^ ts2;lve larger bswielMsai to 1^« r©pm<2«atiV9 ©s^ stoo* vi«?^ 
($0ral liriifh©& cupislisg tmm siztJi aMossiuai apisnoi® (Plato /.| 
?ill# 301 AuVcl'mS. 5 roritt aorsail^r aM elves l>r®iw!'i@0 to the 
•TsrarioXeat (ovl). i:^ f5h of th® was'^ oXos POs$^ <»&®s on® ^neh 
traeli«il br»'*Q|j| thoaft toaachee again aivid« oacl a<3S^  ralrmtci 
Vis0ei*al tracliou airisini; frc© tM s€nraitSi alxiaaijaal 
apiraelo CnbVci>a?:jruns uorsall^' aaa Sivlilos JUiSo lacajsahc^* 
First brmioh sup^iHos to t$m ^xmt of tha ropriJdwtiv© ^attia 
and til® a#o<»3 m^o ©up^ai^ teanseli^ to ttm ul«tl» Cas>tg0l)» 
spofBathoca Ctipt) t^l vagiaa* 
twaeliefttttd from tho visoerAl ts«ioh«ieof tim &isM aoa dw^atli 
abdcctlniX »tpMn«8 (Fig* 40* 4l>?#jCrfill * Am^m7)* 'Jixt^ 
aMoeiliiQi spirsoJU) Kondto a lArg» tmsliaiS. I>fci»«li (AWefr^ a )^ 
waidis rtais aorsaiSar atipplarif^ twaoetMNs t® timtm m& t^laxm oi 
tHi mU 9imoi3mtiw^ i^«t«n* viaocirAl Wmm misim tmm tm 
•» 66 * 
aad divSMm into imQ ^wmhm* flj^t bvaneh isu^piios air to 
iMm^mk' ^~>&sml tmdtmt tstmk iPlaU X, ?ic* 415 of m^BMUiSi 
a^ialig J>€iK thfc t^ S^w teifi& ar® 13-14 JU wide ami ol* slrlSa* 
steystwc Il»rG tile :.ato t»eh®tl tares;".-• Itio arsalloi?' t«el»ae 
F%s. ^ , 43| 44} ©I* li|^ ',|^ l1?:j,M(tea ,^f^ f^ # ohows tw Ifsrof®, tij© 
9iit€ip @|}iti»Mal is^or (i^Hi) ana -t^ Irmor Initial li^^r (l^)* 
2 ^ dplthaiiftl laar^ i t 2 n thielst ttie e@lXs of t^ Meh ar$ larger 
tsi B$M^ %€m$i»%^ oi ^fml mm'ksuB (II) i vhK^ is having mmVmlvm 
opleutielid i ^ t i f o«3@ « tiklofe «»d tiifefm l 3 ^ Bpiml toMi| 
islie tioaiKld; and ttto (mtor caaoetrjlel^ C^^ tiat)) 1*^1 •& n t^iiek* 
IH^yugy^t flici t9&su$imrei» iocrtieia of ttio fat be«lioss (Fiat* Kl| 
F%» 4&) ohotjo tho iMsetloii£ of ta^seii^ole d^vel) vhioh wro o»S&jtt 
In il{»iot4»r b^ 2t hsTing strtteturo alnilar to tiiat of tewioftiefli* 
• 9f ** 
RmpUu%Q^ s^ntm of Urm ©f mxMm Mkm ^ 
JMPielig, g&Jamg|0« fli^mcle »pimetm i¥UU XII, Fig. 4B)t 
of lanral f«M«B ©f I lr»fete ^liaiam is a^mtea la tJw tetw* 
Tim MmamQiXi spixm^U is irio^ mmlX in ^iao s^aa la pm^b»p§ 
ft !£ioairi«di fd»Bi €»f tt l!^$jm% hSJtmw »pim<tlo« siaeh tgrim of 
iq;»lMml;«« ftvt eittt vi^ila Mmrmt&t 9pmlm ^ Qoimptmm^ i^mrt 
wmpijmtnagy 9pm^m» «vt laeatflM ftdoorOing to tlis owed o^ 
of ^i« pfims^ atrial tmitlmt i0^^ t^smim ^fM&ly f^^m* 
Firm tsm m& of at»diiB pKtjaet turo pot^ihas t mri«am«atii tint 
ho^ mXL imt f}mm m> mtt^Q^aamt $;it& tlio latter* fli® 
pricmisy striaX opmiaet '^^^^WJS as »atrial, mriSiim* (iitrO) 
i s i::mj?d#{i 1^ wo l ips jm-ao^t Mit«lor md iiostwior liixii 
i s attaeFigLt to t ^ Imtm tit^ti tiiia sm^o^ ooatmotay U%& 
fern? £s£ thQ el0sing aps:!©»tw8 &<t»tti8, tii@r«^f mmttism pwm&we& 
m tiKj atJ'iAi l ip v^ldciiln txim s^lmim^ Urn prm&vss'c l)©iiig 
l*&laao@cl,t^ ie>Iip3 jfa^xm to t^^ii* os'ii^limi position^thapali^i 
o|5€8iiac t!to Qs^ lfioQ Qi t.ha a t r i a l al3BEigil>«we« iiwt ia t to 4&a@i} 
««r iHM^Um W^iiSm ia»im, tis©!?© i s m clmim Booimiaa, 
iEi tlio i:si»i aiKi aifa iambi® to pi@isp an^ raapixmtosy fmotioa* 
^ l^^ iaciintt^  ffl^ljmati* '^ «««sa m^ Bmm puim of tli© abelcsaijsal 
spif^eifia (Figs* 401 CiOj, AWpX * 41^7)1 liieata^ izi pianumi 
mem tui y^f 'sMm^msiX a^goaiita*. 1 ^ atrocitiirat simpe axiil 
s^tMe df a i i 1 ^ alMlo@iiiai af/ix%<d2aa lupa t:u3i]?a CM^  lasia gjiailinff 
to tlHit Of thoirttoio BpixmQVm i&lsfm^ 4as«ribeil)* 
Wll? il><tolmai ifflawrlg* ^ ^ P<»»t abdominal »piraal# (Figa* €7| 
^ > «>^  W^nftrlMi ^ f « T ^^ »^3?va ia aitsiatsa^ in a gvocnNk a t tha 
SK»»t«rior m^ms^W ^ Va» aMooen of tua "iAwmX !io^« fliia 
Tim pmUi^Ws splim«l4i ^ larval £om of filrnllllli^ iiai 
ihh} fsM tl» otfior tefwvmblt Up {PU* fh& n&mhUMi t ip la 
p»oJtoig«*a iatcj a pTOe©» '.-mam m immxtsfXxm (c-i), cax ^ fi^i&h tl«» 
iXNilwor mta<slod Cm-tl} ami dllstisp muselas (t^io) are laittsisjtod* 
(sm%mt yitti the i:fi0Wil>l«i lip mui tli«i rpirGoi© i»««on«s ©XwM* 
j?©tm«e to itgi o rd ina l posi t iw Ofel tSio s;iisf«el® on^ai • 
l^fy^ ^ac^^^l ^^ffl^t I^ 4i3?©cl dosFftaX tamehs^I tafmm (Jfxwf) 
t^ o Wm «ras»bft21e s»«gim of t i» iairvaf gi^is^ t^ emiebiHi tn 
iMttS «itp«t}|«f ^IwMm Into H^O mnmolaMi* 
• 60 • 
(1) BcNTOft]. (t«{»tiaHe tiPQelMMi (QCtv«) 
(2) Vmtv&l ««phelio tawehciQ (VCXjm) 
CBC^a) mxppUm throtigh imiPloiis bvonohea to diffeapent n^ioaji 
^ the iMifiiS wa& i t s epp^^Oai;^* !£l«»Er& tr@ s i x ^>altt DrtamsInesK 
(2) In'^^l tssohfiit CXIis'S::?!!) 
Ca) Xa^lal ti7aoh@^ CHilIlm) 
(6} Um^XhvXex iS3tQ$hm tMTm) 
.QBgftten.|tgaS^,< 5 ^ o^oiiXai? tjpooiiea imm) a r i s e s firoia tb© 
Marai^ ISmiaftlBii* ^ ^ la^iml tvaebtia (X2}?tl!:r{]i) 2@rils hrmxitmQ 
l^^^l , j y n i i ^ t tile l^|>iaX timoboik (Il>t«ii) st;Q}p3de9 bvsnelnos 
ti> ti ls Ialil.113 and I t i situHsl^« 
lilie siasiX3ji« 
thiniftlteijiiy Watiatm *^^ vmmammt ^atmsitim (m^e^) m^piim 
BmUtm Vxm^t tb& ^mml ^^e^mu^ tmemst im:^m) 
Mtlim;i,,,!SiimilaJ^.-.mfilm,^ '^^ i^^^^- vdateal «opiiaito Umfshm 
ilfcfm} or i|r,tofeJlM IMiSm ^^^^ ^-^ ^^^ «^ 2?iein. fjsNSD Urn 
doraaX toael^ool tsmnlr ('f?5*&'t:.* r^ cfe of the viQSTitmX cepliaU© 
ta?C40l^ ®, Ufesj t ^ dorsal oepi-iaiac tro«h«wij di'«?s.a^ i^to six. 
4!^jlim# llosid® tAmm bmrn^imf tS^Q wmt^ml e«i,>l»is<? temcliwa 
<»f l»0filit f l^ 8i^«s gtm wim to tdm l»»m0!N«i tmmy^ m& mmmt 
t&i«a«a8 mmml &iM* Baoh «^ tli^ two liiKeooHos «£QLIII 4iiria«s 
Into tuo^ »Nml.tiiig m foxir l««aoi)e6 on oitlMs? oidiNit lititttli 
m i t t w l ^ tii@ ^amxbmpmrta t»m ttm ot^ MMrsJUtii to foam « 
imm^^emstt ninmitm Ot;)* tbo lat!if!«r atii^li^B ^idpoii^ v&ttmm 
ri&o ?^%i^ b@@ ^ 1 ^ ^tsireca 1)0% mill waA %tQ mmm^tm^* 
MamUsm^m^ i:»Q3P«®l teachea iVJSm) of tho r t^^ KJim:? 
to Um tk^mut bt^ m.%1 ami oitiiopl^ttar©, 
%^^^^^ , fy^ l^ i 1'«ijtt*al tsspaol-iWEi i9^iWi) of tfi® p«t?tl'im?ax 
i.aei^  ^«it3?ai t»«sl^ i^a iomm a loop in the? pj^ oti'ioiras^ * fis® 
oUicr by mmaB of i^ jpotkiosfweAo iraitral eoani^ ima?® CPVCisei). 
t ip I msppSi^ 'lng hmmtms to snresy piirt: €>€ prot^ ':^ oi?9el«s X«tg* 
iayil»,«il.,telil»,^ "iimmml Umtim inatmj ^t pmmmi^x 
e^i&m fi^i@& Urn ivmmami.X ^hm^bm iiiQ) m& nnppXXm to i^g#a«* 
ai»3 olMmt twrnlcy mm^ixm Trnxmbm %o mil parts oC t ^ bo^* 
Beiiinsia. %c«idw8}. ismak la luith the n^gsMKits «>tifm m;^ mm lamxmhf 
imll«S «ov»«l ^e««liQi 0isimw)» v2ilcih $» ^m& «livia«ci lato 
their i^ y^nlMiiPpaartd to f o » ac^ssd do^ldsms*^ m botili t3)« 
iiiaiNsri giirtng the ftppoMWOOo of hosoi^ csmS. ohi^ lM»* (ii:;) In 
to ^m ^omoX t»3i«>oa vm»&lf ^^osml l»o% m i l mid mi3oii9» m 
thd 3at#ssl. siOim* .M^mx'l tmmk &^aiM givos out tue l>£«i)cih«M» 
aw. tjol^ tlio m^w^* First t^ ffaaoJi »t3Lpp3lQ0 to tii© lat^ Mffel, 
'Sim "^mtml iMmi of the lam aorsal tmelMHiS. tiraaks 
C f^ bo^i ^«t 34;i^ p t^@) tmit# vitl2 im&h othm: 1%* ::a^^^ ijf & 
QOQ'ii&ms^u: nmm mn ^^traX 0O5:i»l^ »i!a?«i of neiio*| ma^ laetati^ofsj: 
Cf5s?tS«)Ki m& litVC€m}$ 4«st alK?^ © tli<i v*3at3?al coffi:l3.s$>til^ ©f i3oe«si 
immm. i^ mm^^ tim ntatrnt^mtmi^ vimmmX tsfftmlum im^v^su^ 
nt^&tm)m Thm^ viso«ml hvmmbmt Qt iJoth Urn aMm me^A 
»mm tdmom^iimt Wm Imn^^ of Um &Mmm% m^ o^mm ttivcmgli 
m9 post alxlimiiii.X spimiQlOt ®^  ^ ^ postis^ii^ osict^ i^ait;^  of 
Dcivsftl tv^elMftt trtinl£ mnmlxit! a^o»g 1^3« aMcismt i^lvm 
m * 
tiidtts* Both ttm ^^fMtmt iamishmm ikWSm) in mmh tt^giSQiitf 
ttmt^mt diiri4«i into two hstmnnt^m mutshm Tim t»rmiehe«i of the 
^mfiml tmidtim mit& ^iilti ttmixf 0<mK%t@tpairt@ m^i alu^ yith 
G!3£»:00r# M Mix t^^ ^^yoi »«gm@{itsy s^^d !»!^ '»;liaQ %o tlm 
Ia1i®»3^i ^H tiJ© tloi*0^ 2. tamoh<Ki3, trimtaii civ# out a 
tmmh wMoU «««3J^ ia tlw Mtmnl part of '^lij bosll;/' « 3 1 J^:^ 
mjj«?l^ a# :!<i^sl4^t UK 403pm.l t:mclmaX trwifes f both thu »M*iii 
gilp& a tean<ih| m0i l-^i^mi. ai; tlic irisewai ts^4Cii» C^Metwil -^  
l«>^» tti th0 vmtst&l BiMf ^hm& t%m Jto^e dorsal is»mhm% 
^mmk& of n i l ^skm »mm sfi^ pcKitt &»«i lnt^^H»«£loet!0u t ^ o u ^ 
AW€cei?}» this 0QB!i^ ta»tii?® &ivm bi^^mhm to tbo vcatral hv3.^ 
IfmffilifMli' i^or^l teiie£a»ai tsiftmit (rXata xill» Fig« aX) cMf 
ttit Do^ tlii«ti»« JUitiffaX &i»{io!i0& ai*ialag fpcia t ^ 4Q«««X 
6S • 
irMu ixii, Fi4^ a* « t m) or ^m^Mm^ Smtam eiMw a 
to tl^ o ^wiatiiMs la t!3icm«K}S| i t is f^^ aiffiuult to 
liot f o\aia to 1)^  .-aor® tbm, • -#06 M* %© oells a*® Ha t witlj 
cj# l^spal2^ io<3E»toi laifig© maslotos (t^ ) sad deas© 0:f'top3ja»© witli 
l^m C12;i)| yiiMi ia aivi^ibl^ i a ^ t««j pojftloaas 
siQil is s|i»0«d 32 )a €ipfiiirt* 
t o ttm tmyiiitfiA-* 
llHilWiifaWI' ^^ ^ «ftflM»r lmpiM»0j^ l# to iMto smvpmAmt 
^mmmimm^^ tlM ttotines or th® giii& (Fig« m) hm^ h&m imkm 
the tamtbm3^ iTml) Bhmm t^o oeem vms' atswitm^ ai 
i} I:) C ff...;>..£i 
i»i»i|»«iiiminii Kiiw » ! iiiiiiiinnwiwuiwiii 
Bufisr® Wm ytmk of HiJl3i«i3r (1.96 )^ on IS^HaflKSiiSlii ^^^ 
mat }mm iiwmtimt^^ In m^ detail* 'itm positloa of n^ iso** 
P2*titi^ i#all& m& Go{^3rgi> C1^35i {$ot«^ tlio ^sm po@itim 
X®%o2jr l3M^«» f3?«is irimr* ftid mtm position of ^isvtelA ie 
l£k tt)e«« oi»»«&) tt)# pffotldKjye^ ie S^n I3 ^i{ili« slightly ov^ Mh^  
Jam^ixie ttw d^ifsal ami ir«nt!n>iati«ia. ^dsptiami of ttie m«m»» 
tl^ iMNuc «kl li#2ns f i i lM vitb ftiipf i t maevm m mm&tbo^mim 
M for a« t ^ 0traet%r@ of 'tls@ &piat&Ql<& Is eomoiiriiodi 
tis© teaneli®8 of tfe©^  ti??Ab«<mlit® Join to f0««i sa ai»8t»i0sing 
airf!i«e»k| irfMfili «i#»al3|f <S0V«^ 0 the imtii^e © i^rfac© of ©ief^ r© 
paat®» 'sm m tm mm of ^ ^mSm-. ^ ^ MmMm- Ci'-wsmiat 
ID^^if. tills a<it%r«^ ti: Horn aofc Coi»i it oeiVQ^ ' fos? tti«> entire 
aii«f®t® Of tint # !»# ptot#| l«^ «%• r#3? i1«i |>«ipl«»3r# 
ff»@ fitaniotfey^ii of f i r s t llioiwatie apiifaci© of 
tl:iiQli(aa«£i Into seiisjwtie rtogi till© i>iiBrit3p««i© witji a slioH 
&Xant M"^ i ta p^$ttrij(^ iKird^r Is megkk tsiii^inar «»a is eorerdd 
ultli iinr^ml. ulimt^ I»3»i6l;i^# 'i1)@ mukmlm tim or ^^ix^fiio 
b0{W3i ^hXtMmMf Bmsmlmt tpimmM^ ^^^Ksulxmi irhjyoh p^ oJiiQt@ 
i^ tM f^iAif Htm <aipmi$m i s btou#l^ about t;^ 11^ «IIM& «ia»tiQl1Sir* 
t^rmi^ 13^ poarsi of siw^j plute Sato %h& ?ml3a traelj^al tpuafe* 
fto all? i s m.p&ltmx out ©f t ^ spimul© t!ti0 to lili« ptmmxm 
Mr is 4w««i as t l» t«i«!i« af^ JiJUijD l t» ei^i>o owiurr to i t s 
©Jastie aat^»0* a^s© s^ao a^eh^Kiisia ia uatsof3 lii ttm ^mi» of 
X^X^t kM^ffl^ffii U-toammlla m^ Cl^^gat lP35)f l^ pjgyLtapft wd 
IHtolfHI^ C^ ^^ 'twctansy WT^)* Por^ gfiui (1073) jU^  bmfmmf of tiM 
&piJtmli» iSMf tmmmt of ^ir p s^iJ^ sg ISiSfou^ t^ © mmll uimm 
platft woiiM ^o i»»glliSi>l@« i^s OMM) for tl}3i0 tJUntt t t m 
«i>|]i«d tiM} topB *oh&tlxi ring* fo^ tiie ot-iitiaoais itim ^^^ MiMt 
In tlui f imt «baoetin»3. spixmel^ of talk* 
tloa of «eaysi«iX opm$Xi^* tim% of tli^ eaifUL r^ wseks on tho 
tl»«Mt Mit®Pio» ai>t3meSas «€ l1«tspopto3fat life© tisat ci s ^ s 
(1906^ In liQjA» Vimsma i%9t2) l» |^ qf^  ana UiSlsSiiaMbMt 
^ USteilitaEf €ap>asi8«a tl-mt the Bii«nre i^ Xat@ c^ &X1 tb<i 
<2<a'4aJUi©«*ed th^ aiwa p l a ^ fco l»o the p«js»©abl© poj?l;iaii «>f 
tl^ 0S€i tl3(3P#«i 8pi;melo© «i^ did iMfc (l$ji^imB ttw ptobloe ar aiif 
SPJUP®O3LQ of ,^ <^ l^Btia^ iMaB sms^taSm* wiug t o it® s p ^ i a a i a ^ s 
Btaj(& :^^ & ^om pmmit & vma^ l i t t l e inc^ tiEKt o<r ulr to pus* 
«r»>oi;^* i;*uifth^s i». .Iiamftlglga^ EJMatoli^ a the e;'isr«Mi poro* 
^ i t r of tim tilmm plute ^ fim% uMfamlmii »i»i9xici3^  pef»ltft 
«f Qiy i^iSi^ iMitil<l pit0o tttviiv#i* W& mmmaat of a i r faran 
ii«iligll>l# mriiig to tti« «t7titttiiir« of 1^0 Qo4;^ &ial i^oniay wiA 
• 7X • 
tiM piemimiem of nmsfi^ m 9<mpl&t«i^ Ssi^mmmhlM mt^mnm 
tei tim thoracic Blm^ p%Atm* ^ i ls proves that la 
Jk ffi^?tif^ff,l^ tim a t r i i tw« !»« ' «!>ie!i fib© spii^el«© as« 
3kieat#a &air© lm<$ vmpi^&tQss^ iDportaaot la doopaf iscaa to 
JUllca? Cl^ l i ppmr®& «pwii3«»it®2,l5r t i a t to 
tho fii»at ftbdfrslncil o|i4recl^ in »aa&li^ ala©% ti£H» i:«3i?« 
pommi^lfi to Bit irn^w pitmmmu Mmi tM mon^f <x ms^tiymfmiM 
£{pliraoX4i& i'4 ««K«^ a«>ly m^^ m^^:^ Isi tills g^iits* fh& iMmi^mm 
la tt3@ i^0«f md ai&is^t'm:mm%Q iBi^im p'Mtm hming, mmi mmllm 
i^mi thsme &f UMS tlmt aMor.l£ii$i ^:>imml&f iAm mmmt of 
air pii93l^g t ^ ' c ^ ^ tlS0 f i r s t cilxlooliMl i>pir^ici of l^^t^^^i^pi^ 
•H^Jp* -^Mflp^ '•W^pF JWi''*iJWiBF ^p 
mm to tlie lack oif 0io@i»g vimtm^imi (in tiils*<l to 
hiitr(^t«ro»9 ia««otff* Ummm iWi2> mmmttm that «li«i elAslag 
iMielittiiiBi i s piPQttiBt la ftl&<i»t aiX t ^ h«tx^p^»r«»i& ta««Rta« 
Bat la naer «(pfttlA iiotan^t«t«,thaBF« %& ao «3M>8iae la^htniM 
li«o«i»iMi m& immtm mm wmtsm* <M» shown l^ Umiit^m (1^01) 
• 7® «• 
in ^mM ^9m»ymlM mud @«w®« (1036) in MSlMSMSUkt > ^ 
nmtm tmp% QvSm^^^^ mxiim tm^^ %h/^ dieei tii^^iin a period of 
ts» I'oim*^ * M m&<3 Umm ir, J^aol^te wm'© atjpabXe of ntl'SMiim 
ator^l ia tUi Q,U' mi^& i s yafilfuXsai to X3ai£ifetii:i t,tm imtm^t 
ooJii'i^ otiai^  tl2v- abdorainai a^'i^aclm vith Urn do^emt tmctxml 
tstmlm ore hlimi %fii^ :io ©fiomiiiontioR %iiUi the @plpa@l«a« 
spijmala^ (3»7J ia ^ iaati^iitete "^ ^ ^^'^ i^^ *^^ ^ ^ ^ ^ 
fB «• 
l-icapuiKi*^  t3l91*J> d«9«!BPipti«m ol" the alxl«i3laol a'i?l2?aciee of 
iml np%Sfi0l&B of il^m* '^^ollis^ iliXXl; csX&joy^ jli i?<*i)ort®a Um 
a«»«3rl.ptic«i of tat&BijmX mtagmlm b/rngmesf^ dom not ^^ 199 i t 
elttar ySm^bm i t lft«^a Q sieve pXat«i« mfodtme CX^6) «SHI 
liigiiitcii (ii@i) ftiao sMmtioioa uDoul; ^lo &im^ pinto* jF^ utrnmo 
(13?3) i id not «fe»4wii ^Hi siirnr^ piatii s» ttMi «ifi i^ 4iMS«iiGilmi 
8pl«i«]« 0f lumiilffl '^'^ < ^ apai>«pt«il a «ii««# piat t M UMI 
«i|^$lli jilxlqattiai si^emin 9f ffr^jifsruif' 
Highlit ftM^iKliml. @piM^3« ot .^i^ ^^ ^^ S'^ ;^ ^^ ^ Cat%0^QeMtM#»} • 
T^ 4^«3?IJsM »<si2lfcli3^ iss |5f«is<»si»», es^adla* f^mms^ t33^ 
<jsst^ »®X ^irfisot of ttio ©Id^ ci plat© of ^ t e t , a & immmw$ 
In tM« ^ ^ i ^ c m l H i ^ ^ #iiti^i liiaiteliiiiX api.^ 3<{l«t %B not 
«j«3tl««fe»3y Inflow t l« i litii i^ wcmti t«ii?aigtt ©^rer'Hi* atmrnimmli^ 
c^ i |pft]^f r43Ui®? iHB^t} i^lwS to jTOtia tli« &mmm^ #f #iinm 
plftt® ill ^m m$Mht^ tsMmiJimX sptoioi®* 
im» ^& Qi^miUm &i^ &^Mmtm mmimaimsm hmimmt I t i& ©t^ Hil*^ 
fami^'^ m^mlM Umx^ Wm iiWm ^i^im^&tm W m^^^^m^Mim. 
m W» «laiitlxi wmiimm wm^iM tli@4ar ^mpt ^twlug ^n^i^latioii* 
* 78 • 
H«m of tilt lietvc t^aecms Insoeto hmm a 0p«eliii 
dmim y(tiixfh imlp$i in tmkim timSMhM Um «t1m&»pimfSs 
va^sm tm pmptmt$jsa ii^mi. the Simmst mmixm m asiniv^NI 
la^rs t^ i:i^7}i tuia^ n? cxaei), is piTt^ abtgr ci ^ &pth roe^ptoir* 
j3Poem»i? C1016)» !-tolitoa CX9c.il) laiato^ ?? i t for lae^ttio^acia 
»«pieEit Imt ImB jsotiilnis to ^ %ritli f«ipi]»tioa} C«id n^ortod 
IQT iwMPliejr vmkms) h/tst i t Hmeticoa «» a ili^ i»ttt jNweptor* 
«0s»aaiilas3eQ i# i^ ttmt (^ tli» hMid of I m ^ H i^MP^ (aKiiltaii 
mdi vonlwftX fifio^liiO tiwilMNMt tjp-ijMi iiid«»oaidknxt3sr l^w > gtfiitlii 
ttm ffm ^smat m/& v^ailsml ciei^ lmiic^ tK^elioa« tmm hma Bimmi 
.'.^OiSi^lJu Mill lJ£30lt*^  ilOi'^j i» <k«|iS^Segte&. «^ -^  'lanSJltoG 
y|^fe^iffi^^ CAIimrt lOQB) gives off oiaj? dtoKsfc bmaohes t© 
gilf@S o f f OSl|^ 000 l»KklM|ll irlllOtl fO»;S& V m t i m l GCISI3l««lir9« 
UaianKiat W$B) w099S»m 1 ^ tamotioal s t ^ l y frm two tvviifihoao 
of tkm e»artotb98fsx alfio iliffoi^ la ma^ ^tmp&G% wsotig imriont 
spoelost td imnsmp^mmf iwe inat&mm i s J|« yiryiMireli (^ i^SMB^ f 
m n 
pjalr £>£ apiraoislai* toaoli®© mxi al»© fron the isooolihowiftlis 
iati«jml "feriarikj but aot tr<m t l » flKrt sr'*-s^ ^^ c'^ 2rji» toach^ aa 
shorn la ^* jgii;^^^, {rMmnf 1.'36CU» 
-rCCia ©till®* si>eel€is sisQli as ^ a ^ T |^Qjs !^^ j|ff,^ g Clm^P^ri 
JUiwiac'te i s tA*ae'iOiit^ 1^ f i r s t aa ne l l ©if K©eoa!l ij?ii»©o-ulii«e 
tmaii^iu'* llov^e^tlwlwe, v^ore i s aii"*«irotiee in nw^&mt €>£ 
M tis@ ess® of j|» asteSffiAlr (Ate^aTf 13fl5'', much of t !^ 
fijpst srfii!m<siil&r twiebc© umuls oi'l^/ c&tti bvmi&h to tfe© SMWO* 
ttetntix ¥hili@ i£i t^ @ i^#<a of ^» li^ii^a^^ (rSi^ siria | 11365;, fayr 
iiltliffllaPfftlWMr iniftl^ttliltlli ^^'^ ^ ^ tim^litoa c^jrigniatiis from nm 
&pimmU» wmhm iMi6^ i» mlm |!«iat«a out W Fr^amllt 
and a«^Pi« (li36) $R flflTOiTfiillWa- ^ tiie «e^ s# ^ ttyOk 
(ii(S&i|» i^ li^i@) iiSso« OKO '^ <aii& l»fwii»h fipcsp t;li« spitaetOiur 
tmcthm mtmf9 tlw ssMothofux %mmm i t CiCMme b^© irQixlamI 
0f tarn &m&sm%^ In £• titmli|>|f hmmme, ^ttoh snoccid ipUtw 
ditSsar tp<tet)«« wmAsml^ &m hmnxM dii«et3sr to tii«.i iMP^vthofnxi 
T^ '^^ '^ ^ 
(Khaimai 1965) the aotathorfix i» trfMih«ftt«d maln3y fro» 
me lijmnohtw of taie fl»»t pair of obdNM l^nal spiS'itculajp 
tTnoliaa* 312 «a09 of ipfffi^^ffi:^!^ i t» author ti*8<}h^i impply 
eam«s from tho f i r s t aMoalsaJL spivQculiir tsmishea* 
Although ttm pseotlmay^cic t»^&, in most of the hetropterois 
touoata roSQivu a stoglo braoah traei the KJ^ottoraoie «jp3U*a-
Qtilar trashnaf tJto middle and idM l&gQ rocgiv© a aioglo tr&<^ i©<a. 
l>os 1^ 0 respd&tiire loncltudiaal tnmke* tn Q&tt&tn sp&cles 
smh m t* mk^mm^ CH^ert 1375), M* nmSmmU (Afe&ar, 196S) 
®t^#i botii pairs of tlie leg: recoiv© a traction mnoh frcKi th© 
a©c;^ thoracjift aplniatOxa? triiOhea* m jmmt^mkm mmM^a&w 
th©r© Si3f& throe leg traciiosii in tlie protbiKpaoic 1®© origimiting 
froiB til© f i r s t spimtmlar traeJ3«i« Xh© same pattern of traeixeal 
distriimtioa \m6 dbao^tsd 1^ i^iiltori (1931) in |f^p^ ly^SSj^* 
But }*rmmml2& miA Oeorge (1935) | ia fib^Mfodap^ c^amfved only 
two protton^eio traohfl»«» 
The aMoiainal aore&l tvaotieal trtmk is respoisible tm 
ttm treeheetio!} of tli0 aMoa^ti* Baemt'i^' similar positioti of 
doraAl trtfiik has bocm observed In the o ^ e of |t* Imfiliff^ 
(i^sumey 1965)* B&fit spir&eular trealiee eocteculs lunielSy for e 
short ^istaoee eznd divides into e dorsel and Tcntrel brenehi 
the fonoer gives out a visoerel brenali. 13x9 seme poeitiflti of 
dersel sM ventral trseheee is found in eiiitc^t e l l the 
hetropteroiis inseets for eoceisple; |^ * ffMilfl^^ (iSiemief 1966), 
t!?©oJi«I 0U!\r,^  fKso 1^50 i?is^a^l ts^tww a^i^to.- fron ^w 
UitaaiiKmi iS^s), ©lli'imtas^ ^mmX r0e#tv«» i ts tra<^©ol simply 
frm tho vi^^'jiX tmoi'^ w^i ajrljing ivm, ths^ flmt tiwmiRim 
s^ljme}^ ami 33Ut0 ifxme the aos^ stal l3!$aool2 of tin? fiftlii siadtif 
0flWQal^  iu»i oigMii c^exslml spimmiUjm t^mttm^* fli» fiir9t 
so 
Urn &m& or it« mmi&mm$ ^^^ ^^^ ^^ M,» immuiu '^^ 
vioacral t»st0lK® of tii^i laMocstoal sogacsaf, j ^ th© omist of 
f i r s t mxT'Titlm to tsis© v<j5tr^I i--ortlca ot tlw iSs?op « ^ f i r s t 
:ih the Q^asQ of i4# i«f2SlfiH CUmsMia^  1905 , ioav^tu 
Gonsl^ lri.',ti«-U tfiu i':lXtit -^iw^^iwJ, l5£««cij©a »i,tvldCf^  uite tl-^ ^©« 
&K)ii3fiasf ti^« f i r s t miQ ou;..'iiois to tise :>ostt*s»olatwml ?x)rtlaei 
of tjhc pi*JWc«1^ |«!Etili,^ 5 yhiicf SvKJciit? kmiieli su' 2dos to th© 
to tbm m:iiMsXlii^ ^..roriMii t^imi of th@ fsalpigSiissi tit>ul@ mnA 
&p$i*ama«ir triusliiMi SS^I'^II^MI ^aeiiiN^X tstvmmhs^ to l^a iilx«l gtil 
imil0 ID the <»ii«« of j,^ « ,j|^ a«f:4fii^  Citaamty 106&) tin.' 9ixl^ 
^immmX ^smmhrn mtpplXm immtsl-im to t!M i^ wit of t ^ ^ i g u t 
ttod 4lj|tttX pcMPtiim <sf e)»|.|}igr'£lan ^^«l4iiB# ta ^^ fmm WB& tacm 
ttmm^ ima eighth vimmml swmhmn fta.80 »txp.":i^  I»imii8ii«« to 
tbo IiSaft gut* thiui tlio tmoisttttl »tj^ !)3;r of tim ftUsmntwey osnal 
III tlio oikao of ii* iWflHUiBtitlW ^ ^ ^iinroa Oiavijtticjfi tsptm tim 
vise«H«l ti»60lic» vof Urn t$iiith &Ma[\irmt e^^m^t m^^yHm 
imfious hitismtim %o ttjcj j?©prcwltietliro <i^jetS| el^'^^i s«zil.ti»l 
etoJisor tEiitl oecfiiimul gmtslsslii* . ^ la tit© «tasa isT ^» ,j^iy»i^ 
2?c8!iiiy Cf^ tJi? 'tha ^orsKii ?mi*t of %l» tmsi^ vh%i& dtivrnf Wmmhm 
&mm%Ui u^^.'wxtf tfn flmmal tvn<sli0a iisa:-\M.m fep i^ lettmml 
Qee<;4^ sos!^  gUyoil ana «^t«sfial i€iiitii31&« f«aQi30ati^ m of tlift 
vi'^eh t l» twrnl^ gmit&t (Wf^ mi are ««ikirli«6it#S t»m thisk mmmtA 
wad ovgaos (aiNiPlif 1069)« -£tui £il»rwt;u3r*3l p^ulii^tiiisi of 
t ^ tiMMiiiMfil. dr*^<Rt tt»t woitM f i t for ^»is« mlm imm mm 
^sem m « pipe ir«t«Bi i^ ^^ tstmmpmft ^ gmm&m i^crottl-
im» )mm Miii£«S to Um tommtlm Q£ 3mi»mmUiaym dmim &S 
m& tsmaimt^tmt mt&pMm lisiitlni m&^imm$. n^ UeH st^ c^ iM&t 
i^amml m m»^ m 11^$ and %M Mtmrntmrn f^ latlma wm 
* 8€ * 
iMiXioftI OS* mamMit (MiSiafda and EOS^I iI060{ soima Santos 
^^ii^ t^ 'BSPda lil^iiL* (X0@B) mvm Vtno t^jmetttir© of trs^Qb^X 
^^iS0i ii^vilsr iswmytiUM^ em^inmmtt l^«»r| the epljeutxoie 
i ^ ttt^rtidlti nMQh i s 40 m} In taili)im«ias m& iM foMMm 
Mtm. ta^oMifil. ^ ta«nldlal Sf^jUn^ of ^id ^i<»utl«Xfi nhcm 
n$&»op%pX21&tm p^mmnm^ «V9rag3ag 40 ®u la ciljosaitcr* 
aipQ ec^ 0®s^ io4» ac^orfliag to liscto Cl.t364)| thorc i s I'io oi^ticla 
119613, mumf Ci964) iaad •./Igglj^iiijrtli iwm) BIMM a oolia 
U30k& (10©4) eoDoo^oe that tlK!X<e tm^ he & mmtimsmm <^ooutiold 
m tbs lairg«8t ti?&i^ i«ii0f ¥iil€^ ttmf&t(^&f tml9t» tmth asd*! 
Mid lAtosmX di»f<»«Etti<xis* Bisitti (1136@) siso jfoports timtf Qoa-^ 
tntxy to ©OFUHT later^^^tatli^c^ of Mstoloeliial pi^paratimif 
a QoatinmsmM s0w&^ of en£l«Gi2t4ol>& bctMmtli tti@ epieutioiei i s 
nelt of g«»@v&X fiK»eui»r«n««« But whitt^i iW^) ima v^c»pt«S « 
eonttiiaioiis tn^^ of ^niiliKtutlQlii} in M^QRSGSliyB&i XflUPmBX tv^usliMl 
trijiim« BottuJUitiQa {%$m) lias d9seirllMi4 ft emtlnumiis endo* 
oiitloJto HI oiortaiii 3.@plA€i^ t0swat tv^eliBft* 
Vm mem pm^P* 'Osmmtt t u t rm^$m^s^ m^tm of i^^Mi 
Ms^iMUa J^MBMItk i'-'dp^mm s l§NKm i^i»«m i oviX$MMm) %» i n 
»fffMilsi«iif(l4i i«#»| dUgf Giii pi iv 4QC fomiti^xiai wpimmlimi i s 
pff^NOt niiilfii!! i c &i%mllmA m% tlM «|«x of swit^iftttitty «i|£Mm« 
it'lshffiff IsusiM&lK jjawi t^flGdratt<Kii.tsiid tier t J i n r Itliuftfe ttciliiGiNiiSi itttlJMiM>> 
irith<mt J»tiii) p»&$mt Sxmm&B^ l^mm <a«^a* ittm^$&pmiA, t^ 
)s^»0ists j^r t«ii& imlx^ $^ tipi,s«a|jiO| 'immliM mi mmh »M»§ Urn 
3m?l^ 0# '^ "iggS^ m B^Pti} (1903) is of 1 ^ ouSiiAc*! timib ^i«p» 
mo wm$xmB Ui Urn toiy wail. mmi& i^ ;if aijsui j,3«ou«rt>t«« «t« 
avt63^ t^t tXs^ hm% f» giPMt^ 4ffiai% rt»t itiff l^ nm tm imtm* 
l^^mhm^ (1.900? beHfiWi® tSmt nvi^mim. of wil^^ is ^m^imt ^mm 
imm %tm mmtmm of ^mt«s»f ^tm mwtjm® film f^ltn mm^ lomix^ 
gland) %^ c^il& pjmcli»e ma @l.a^  #fl0X'«tim* 
In (tm &Mmt t ^ t #iir l » ^ «fvm& msm ipmmim iml« ito iir^ ivsK 
«itirti<i ^iiintt« nf tfe« Wffrnt* iMttm (1$I60> is of tfo« ^i^ion 
tmUbimi ir»ti i i of m K B^T^ f^fi Idi^ ffffiW ^Ativ t^ ^»» 
tiiMi« y«i<wa:>l«nott »i1^ lii« hmi» ptttcam i^ iferi^ ltaKl iQrst«i 
111 SAvvfti Diptiitt^ «B siviR w ^MM%m {wm}m not iM t t ^ i 
CRT %m^t Pipt^sm tm tim tm€^ii& v m l ^ I ^^r^lml l2?;^ i!»gi 
M&Mm mum E la i ia^ i t i^ ia t^ ttmlvrnx ^n%m& t;^  
mm^mmm^ x^siah is % vmi^m& ^miAtsum tern Um gmmmt 
ifami cisltliiil Ift iMte (3AQ?) flmciDlDtlcMifl i FiititftiQV* iSttliiK 
liiMtt)* in ^i^Mi m31 Hit titt ^mnrnl »iftctoRH»M» tfitii #ae«fti 
s^$ilm» In Ii»#9t8 im» long btma mmMmm^ n pattiasi v£]dU^  %a 
mm 
mi^m^mg pkttmm pretwil; mm In moaM wmsmtma m»^ma^ 
tbmm vmvOM atronglr smmnit Wmt Wm txm^xml i8r»t«s i» 
or#iii^, isiu sap® st^^wS l» tefe® ^  <^Bm. f«^ »a l ^ witfiap 
d«ir«3«»!NK3 «iiit3l gills «y« J^ iN^tir positiosi t« Mi'^mtmA s«ftK 
iMHPi«iM» But t t ^ l8 mt mim^u tvmm nmtu iWlf) ^omA 
«^vwlc^ E»iA giil«f 44MI »flt M»riir» ftur mtm m ^ w0m mtm* 
liiWDA C4tlt li^te^) ot Skppmmiamlm^ mm ftg«» v<ii# i«l»9to3 
nix Jaj?s v©r® g3?mrii3«r' l^iSti SKMIX iN^tictia of %iat«r i*«y4 for 
If X &v m ifmpmtim «o!i^ol#* i!!l»i lur^ne In &Xl Urn sfisi 
SmB iftM ^mt vmg»^as^^ tosp ^  howmf ^^osf^ tJtm mtml 
c^ jar w»t pmiimli ltiti» ^m ii»t«r JM;» 1^ t« tmriaa «l»® 3«rm« 
to 6iil>»ivl»t tlii Imnmm t^ e^mam ^ \M,lUm$m mtmmvihmU 
imtm mm hk^^ i a S^ wim^l iii^me% liMm w«rt !pmBim& mset^'* 
mV^.' t^m ii^ $m Do»lf CVIKHNI gl i l« iiiiv« rmmf&& msm ^$ 
1^ Jar iiOfXl.> Urn ntaHaiilgr s%ai»t«^ <i JLittl* M%m %^m ^m 
nmu S^ m»l f l * & t^ii« tiauet u^rtelitsf stuftad ®t 0 Hows 
:U.tsr @isart«id sft^ HT 6 hsmm p^^is^ mad «t Wm mA odf Wm «%|MMri«^  
fjE i^Mty) af imxiaNjadyMilM(l3r MMMI iui<i« tfiiSNi 9ibBt{0ifl list fipfM stKMilc 
IWfVlMi ^101 #HH|y |^ |>34i llKIW!t% WMm l!WttGMN9WVi i l l iNMliOilill tiC 
SSf to Jar a0ii# X & I t * a i i i i l a r l^ t e ia .^ l« i« IsmNMi i i«m i e ^ 
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ntvpNl tcn^tjuxit MI ^^ i«3!>ilMKl III ms^mlmmt iio*l* 3mt 
HQSft II & H M$mni& m ^s^m^mtf yimm Mismui warn allmieA 
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M a l l tfm 4 $Si3mm At i^@ wM of ffis^ti^lniei^^ nt ? hs^m ymfls4.t 
V^i «3]et^M,tf liieit wme^ta^ la a l i MNI |&9S {«aE|»«rljQ»is%»X m» 
M f i r s t ia!S£|>«rl2ac»t» ia Jgyp am* I l | IV «n4 tX| thfMim 
iB Mlnmt «Qml. ai!»Pt&ll%« tim cnt^ ^iMmmm% i& that in 
In |«» iio»lf, it Is @M^W hl^ ^^ M" w^m Sm »a*ll« ^iai4> 
»liglit m»iAt!Uxm i» JfiJp t^*?X» fipwt ttmt of Ja« ii<»i* £f and XX 
ajM dteio ti» tti0 Inlussr imoiMift Swing t ^ i«|!iiv«itioa of tlie giXXit* 
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ttx<» eimwBt* M in t fixm* X ma& n » Ihe tsamm mem igi^hio^ 
g i i l d t buel l a 4«r ntNi* I I I 4»M i f | lasvii# isp* trittb s i l J«» 
ffji« ps?C!V«® t t » t tl3»© ^^rltiaegr s i t * ©I* f^topisfati<m| l a tb© 
M^lbfi^ mmtim W Thorpe iWQ^) m ttw pwmsiUQ t&sim§ 
t&m li^ti&im oit <i2?s^ g«it mmw& fiXX s^iw tim tna^ «%»c«0«y i t 
{^ ' the i:iJl^f la iimiX3& mt^UXgSJbtm tmm ^ ^ fwst t^% «» 
Urn giXl4i %i?fi poorXsr oi^pli^d n i t ^ t^ «t0b«i&»g t ^ dUTf^im of 
te&wask iilGKi^  tiMdS' liaanitli Mill CMi@%sp i^idl^SSf in t£HEi b|i3«»iS* 
ms^ m thoapo i s no mtiv% nimuHikWm et t»3UM»$ in %b« i l J i l s t 
i t f&tUm Wm% tlie %m&Sjm or cMSPi^ ^ in tti# tmmiaml m^ifm 
8!ivtinniAI»e imt«v i»««9 «%««• ^Sm 1WSI«£OR a t ^ £ « ^ fi«i8ii3L}*t«i 
* 0S • 
torn »UWi9 mimU0i iril& 9^ia@t%wi <xr «taL«i^t ttt«Ni i« n^tiipt 
mikmi^f m^mit i s <»<;tiiiteit3r ^iK«^b«3 tlii^ miglit l^e fM& liar 
in^  ^® ldrl)«^ "fmf Mtm $£i tii« #(roluti^ii« mit i t w%}M not 
Ii0 mm^it%$$M t(» fins t ^ asK»» pr^m^ $xi^^mi&m^ In iiit 
liiEu^i^tifiiii iii«a@t»f ^MMh i s l^«kot I te mtm* 1^ wmm 
ptopmt^ might Ism «aE|»«(it«ci to f«n^ia% In mtumtM tmm i%Melh 
tissi* ummmm^ mam mmskl omAiUo^t m^ibtmSm» 9mp$»9Mm 
Ume^eie&f im^h'^ mm^ mrtmt ^ tvmt $hii s^ aal gills 
primarily m ¥&tm^ i^m^$ii$ mm^ im^ %a ^mm^ ^mptm^^aii^ 
is^tm^ sMmihtimf ^mmsiB larrsie *^iit^ imit g i i l a also ^ttaio 
(1B3C) I p«i^fit|)t Hi^ l^ r pemmm^ I j to^  l>4(^  ii@iiooiiit«d v i t^ tiie 
@#tiioa nT f«#(lSas 0X1 stolid iw l^j&^ym ftlti!!>cMl f n ^ t ^ «i&t«ri 
notstft loradNittt «i!|i»Kife di luting thie dlfOitlT^ |ttl^«i vMf^ 
Iv iiffMiBWMiti tnA iiMTHtnioilj. fWllMKif Hima. ftsistiimiac tm 
^P ^P^r jiffT^l^w ^W ^P'W^'^JIP ^ P ^ * H ^ ^ ^ ^ W ^ P 
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pmmwm tuo paisii ^ tb0sm0i0 ami «%!it pttlm or ^^b&m$smt 
19^) nM& piiira &i 0pla?eei@D hm^ bimi& v&pottMi, fi)6 m i^^ Nir 
P0flitlaa of t^ w t^m tlsop^ittt iiS Ii©l3, as?, eight 
^ »«|K9r^^ Ij^ Mti^ e^ i^ tlJS@&) eio^ Mini (X9^)* 
ym3B'iiM%im& iss, siM^m $%jni (3D6B) Itt^ m^ giipQiEi stamotiaml 
pen tiff lof m t l of thA |Mii>st9tBii* FiiMMf Appiisiitiiit la bcritti 
i t s iH r^lnc «l<MMi «lMl«Pilr ^ ^Mit fif iMM P^ittiarita^  tlwwtpliift 
mah yiXni ^mt of F#i^ ffp^ '*yi SSSSSKKk i^^^i^mt a»S '^&Oi»t 3J9@^ ) 
jfijdl %lm npixmUm of <I3^ i»idi@^ t^^mi in to n dorsmX 
iamrnM mmm%3^ §ommtA mi^ l^m ifitilt i^jiaimai tyiiiit»M ftm^ 
tut tiio <So»»(I msitmUA ^m«^mm mkmA mm tim ^fmm WBA 
d1mtA% Into tmm IspaiiiliMi t«» mm^ ^^ (Orni^lle iN^im^ 
Warn tmi& mxmm Q€ ^tm ^msHm^U^m of Wm Wmmx mm 
BMxS^ml ^pisfmxktm tsfiK t^aa^* mmm% tmmlwml immk iiiao 
am^ tm hmmitm to ^tie t»t^ <»m%* Tt^iB^hm%l<ifk of tlio ^»3E««I£ 
iQ^ towd In i l * jslisyt Eiv#i» out ri£i# biw^i^as oi ^ t t i i « sl4«8 
i^l/$li n#&t v i th ^m$:e 3<»mti«*imi^ Hsi^ iiisify f^ ^ t^£»g f&2«i (li^r»iil 
Qim^mmf^t ^ ^ t ^ m ^ asia t%^» <ia3&) « ^ ^ A ^ I C1968) U^^ 
WMnMMm JMsm* ^ ^ ir^ t^iNa msmAMmmm m^ pgrnrnt In «U 
tstM ««!• of iM'^ ilflfffttWUffilfi i imi l i lmi (^Ni|ni • %0@B)t « M ^ i i t l * * 
fmi^SMi^iflli «^ 1 ^ 'iMo^Md i l l J,* UlAgm i s 8l£»i3«lf to 
t^% car ft* iffffr^MfT Ci^lni I t96&)* A31 «9MI eMmSsml Mtptentn 
MB, t^^ff^t t^ufttt^  d<»p»oIattiel loops giiro tixm ^tmmSum tm 
^ttmf @Mi»Sf i^hieii \mit& irlt^ mah ot^ t@7« fomliic Wm Sixm 
^mml namiBmmm* ^li^ilar^i vm^ffzt &ocmSsmmm earn 
pm»m,% ia e i l 1^ 0 aMoaimX segiaeiits of Um J|* jslfiiua bixfe 
ar« mi% mmxtlam^ 13^  m^^ ni (3.968) in £• ffl^i^^.. 
3.968) • I^ Sfc cm 'IM ottior !sriml| J|* |||sj^|& p3?(seitB Qliaae 
3.936)« 
IflffiitHiff sw&^tmi imx^ smoli vil^ ttmt of gmn&t&l pattcem of 
ftiOitlQ 4Spt«imM SAwa® «xo9pt timt lateral lixteitudlzial 
)S^ ^Ifjytf^^fr JSm&flift lAXP^e i^i908» QUO p&jUp or 
mml mx^bm in ooSMptmroiti a«9viio« for oscnaplot la tlis o«8« 
of "ftl^BfTt*T*m ff!ffiffil?^1"1 (ItiiiBevJii 1938t I^Jnii 3,B68) ttnft 
mtma &&sMf IbMoi^ilibi fiikti iM/Mm 1SS6* lJi60} iSidi i l l aoiBr lyyiii!' 
miy &AJttmNimi» Um M isSm pmttixm tit t ^ spiv&dl^* 
fi«llft«flfei!H>1^m mmiMMm v^mBmmm mm p»$» <tf l^tmmU 9m 
j^«^ae»s dtn pail* dT ii|^ iifii«Xfiai l»«^ tiNMii |^ ?o»f ani ®«»«»tliO£*6aKy 
h e l ^ t r i@sn!iiatioii (^ g* f>|filM|. l»e««i 3eN»v«!al« tlui «l3»«eici« 
Qi a<2tslt| iihsm la o i ^ mm pAiM M Wm ttmmm* Wmmmf 
il* jftifitlliffi iMem U mat m imm Mimfsm i^Sxm^M* klliltmi0i 
i t lit «iiI3.«6 iM^ f In^ i t litt» mtM mosm sMmi^ ttametiivii mwi 
tlw laraMi IIIJSQ0IMMI mttiwiiat c^ AIIIIA oieRiiAj^ BHi* la Mio IMNMI 
of J|« f i i i t 'W 1«i«itf t ^ pnnMuey fttvlAi ^[>«fmig i » vida Imfe 
£r«M tHe mA of fttfiiw pvojuttt tiK» pma^tim ^mmmtk ttm ho^ 
mXl ^nlxOi §mt mkU»9^ tmm fsrae Hit l«%t«r laaiS iii«f««fxif«| 
1 ^ »imih 9piM(mtm ^3mm i t ao qtMHittoii of «ip«r«t« oi^«iilxis 
wi aic* itttom ttavooHi tHo n i i o l r ONKMH ^ISMU^ osptnlni* 
wmmabhm i t s inn W&mei^ &pixm2m* ^m im0^e^miiiml sp$jm<* 
QU tut gm ttMfWi I'Mi'va $» Ummt mi& ^b» oa^ tmmMxm»X 
l>«iii j^ peirtMil la g* aUfflllifiil Uxvm ifm$ni, 3J96e)« nn^ ttiw 
iM^Uisi i t m ilii« ititli ««vtfti£i Usmkl i^p%«am^ irii«« {MttH 
0)10118 oiiMi« ftfflni^ irtHi Hit iMMfelA iNil^wa ^ ^w IttWtt^ 
m 108 « 
3iptiff« III ^itm a^«D«« &f }At«f&X tiimic* But la the oase of 
iMMm ir«pcirt«a» Hi&d of i|« $suAXM^ ^^ a^ nm if«e«iir«s i ^ t^ ra^elni^ i 
mi^ pajr f J?OEJ tij® diwiittl ana ^vmtml eophalla Immoivss iis»i.©ii^  
from Um &6»ml i»mhml tvm^t tMX@ Sn ^@ eauo cif 
gi-^ Qs off a brcmuh mic^ ilivMm to fosm ^ora«il atic! vmiaml 
n^plmltii tat^ oJKja^ s BV^fH^im. ta ©3^ |mj?ts af tHa h<Mia# !aaca»ax 
196a), tha flpst tajoifaoic 0pii*«iea© g i v ^ off throo b«tmcfi®st 
li^iieh dwmlm^ into s i r si^ @» tims tM %mml g« fM^^ Hf^ '^ y 
a»e vantlng in i|« fi|fliti^ Xeifimf the Wmd 4or»al tmohaal 
l^figfe In the ««»• «dr £^ rnfr^fifir* (^«k^f 3£i€S)« i t tai® l>@m 
taaa& thAt aofisl l o ^ OR ISm ^^mml a i ^ gives v^lmxd 1»wi^#9 
to diff«v«Eit imxts of 1 ^ MIf vii»Of«« l^i@«ie doapisftl immm^l 
^uaolmva of J|* |^ ^<|ifflft lapm ji^ i^npQOQat tito 4oif«oi «oi(ii3i8Oiia?<O0 
of tvooimoi motm of tlio Uaeml i>lptot«« 
than laiei tNKiTistiS'iftI e(?Mc^t««^i«» im^mm 
miimm< MiirilljllBIPl'»W#«i«l*i<i«l>l"i|lli|l|lillllllll»»ti»||L»iiri)|iii|i|iliiiiii|(>lii»a)trirW^^^ 
• %SB • 
imm^ iu?# ims^ s e ^ l ^ mid ^<^ IXtn^atsitimm rnniMhl^ m 
spimi^ia^ tl]& dii^^tlir^ iE^ i|ft3@ «^ H^tftr^^t I^T« biNKi X£Kia«» 
tamt^a imxftmm aapgaaic iBd::k?titti<?fjti 1*^  titer rni^is^tMi. ttS^vUm^ 
if«»pi»t«oqr «MBrM» «ro los^Mttdt tir li^iti <iS37f i@io, iSMSa) 
or i«M»itt CiMKltf IDl9?t l^iM&i XHMSOK 
» 10$ • 
f&^kMMm bmm N^a D ^ « v l th m iri^sti 1^0 saocifftiiiii t^is iia^ir<» of 
m tiad st i i |«^» 1 ^ pmma^ ma^ v i U '^ WCMT aone H^t m tim 
>iiwii>iii !<i>iiiiiMi|iiii<iii>iimiHii'>ii'i>iiiiiiiiHiiiii|>—«*ii^—HMw 
*• Wf ^ 
iHnetiii^ ais Mwm mid^ ns^er Um hUw^mUts- nim^metomi^ 'i2«> ti»««MMi 
wmn Wm^mfim& t « ^ ^ % tiO 4lf^«?«tit £S»&Uir«» for d t f far ta t 
d#i2^^3mti£«t im& cj»j?ifiM lta?ot^ mmX gm^m eC taeo&ol* lent 
"'»eK}is4asm 11*10 is n^k visam ®«% HiM Urn f^lp ^ siynrotam* W$ 
^ M iimiJto*$ tlvM^ 'imi^m»*^ fa£il4| lUXS '^^ s tluMf mM C9afmsf*9 
coitvoi ««eliie«i8 visrd trdatwl iiit^ ««lifft for two lioiirs 
«$ df%| NfttM tiNwUiis vitti ataftHi* X«KOX»0 iodui* mui ut«A MI 
tm mts^t^tmrnrnMn {^vmm m& 'JiMrm^ 3,©5II)« ainiimr smtimM 
mm» i&im f»m%tt^ wiMh o»©^^ tPltiMlHit htm fmt ®ii>c hmm 
Caittor i ^ iJii^oat is^o)« ftsniM ttz&$, $M M^^*& tivm ma 
m^iM mim&mx §mm mxid t w i s t s * &i»i,ifi>Mci1t i»m xnm^t t€ 
tiUM vm%mf tm tw^ ^0 vitli iP«M|iiliiir tsiamum of ^mtm* f he 
«||J^ Uttitliiit 
j;yi4tift< tifoiMii® t«it»esoliiS!t stmrn^m. C^ iMMPi#| 1960) wm IUMMI 
KM^ wmssdmm pfim laNMta«ttlfe ctf iMMtiima with ^imphmmU «ia»» 
MssMmuBM.* foiuiaina Initio ** snoth l^ gt&m imm^^ n^WsA 
tmai* I t mm mmA t ^ t im stttlmsd mtX iritii tiii» meti^^ 
UlUJtS 
«<^  isyo 
ttotli t im sl%c«3» Bi t im «»aa^  oif g^^Haa 3i,te>1^ aiff.. ft1ite#^, <Msirtil 
F|«# 1« G)» j^t i i « t ^ l a plA^w ^ie»« grQi»uXfii@ are «o o'icHi«l|r 
paels^ ti^ttt tai«^ si'vo t ^ u^^^mamm® oi a iroilet liaxiil Ci^lJi^ Xf I» 
ji«%» 2 | 0)« But Ixi o^iar s@etimi& m3^ f«M gs«6im3«« s»% ptmmckt 
mmBm%m%» m m 0mKk pmtm nmw tim mmleim (?lat« x?Xt FIc* 4^ 6)* 
m tho oastt of MmsMm^lmk msSlA^^ «t 2 hsms pmttoA 
mtt&t tiio eaameooQBiaat of trndijog in p]reriotts3y starved iasAotss 
(Piatt XSXf Fig* sa^ Q)« Bt£t In isiiiftRia smtims 80 PAS posi* 
tiv& gi*ai}uXea min ^ «t«et^« tCZis fUB positive gximul^ are 
fotiad ucatt^eoa In ttie oytoplam of the «3plth#liiil lay©* 
(Pifttft XDc^  Fig* S4j ci>» At 4 hours pm^M th&m P/u* posltiw 
g3»inuXc»i are Ztt^ toomiisiiliit^ ^ stj^ ound thu intim s^rl Xay^ in oonti* 
imoiis faalslQa but «*e ««iitt«af0(J to t4i© <^ topl8aKa» At a hours 
Xi^ riod t*» j?An |>ositiY0 grtmxUc^  i*a?a tovnd 3catt©ir«d in tim 
cyi^plaist in tijs s«De miabot ss foisut at H hours poirloa* 3ut 
at 10 hi>xa?s p^ i'icHl i t is observed tm3^  ia cmt or tiro big pat«h«« 
(PXafcQ 3Qv, l-*ig* '?^ f G) clTi« tc ai;gr©g«tit3© of asany ga?amilof» 
llQni«iV««i at 1£ tows pet'lo4 tha oo«t»rmoe of gramiloa csor© cwf 
l©sa coi-reepo^ l^w to tlant of 6 hours js^io^. ^ 
ci»a«rrationa during tlie first 34 homro poriod r^ r^eal 
that ttmm pnmvilm appoar in a (^oHe Bsmiier starting iosaadiatoly 
aft«r foaming ana anding aftar 4*8 hmjota pariod* 
saetiona traatad vith aeetia ari^dritla proiro that tiiaaa 
PAS granulaa ava aan»<%dr«ta in nat»ra« ^luMine bliia aat^od 
of ismmv and Wlndrun (X966} and that of Pa»»a (I960} giva a 
Oi^ Eatiire raatiXt far aoid nuoopoSaraaa i^ariida* Con i^nad dialyaad 
iron and Pm poaitiva granuiaa ara «iiliot«rdr«ta in natura* 
CaoOiiAad diaayaad iron and fm atain (Ritt«r and Olaaony JMO), 
a i^>aitiiiatioa nf Bait's (1910) o^^io^ tltmmt lieh^ mi tlMi 
Tfm mt%ml m -m^ m$ &pitii&lial l^or of tifs<rh«a« 
psftjtoin 0%ate VPVm Mf l%» ^ , IIP)* 
F%» l^ » IIFl* BiHi tilt Jyntl^ JL m m^'l m^ mpWrntiMt Is^m 
is^m more pw.lt|.Tt ^ !sma|Mfo^ <iJi3, SM eoeimrisoa to fefi® Imsiml 
tmm iPUlm xvi l l , !%• l$t ii?^ )* 
t ; ^ CIJ.ta^11*^1 S:?;i»irji oi* tisv laJ?\ri^ g i l l ; ; o t MMffk ^^P t^ffiff 
of fip? e®ll« tiimm isool^oprotela (Flatci J^ X« F%* 6 | lfp| 9P)» 
i^ lieii tlie 9^tio£i9 or tikm ttmttmem m»i trn'^imaZm «C 
nitli ^msmi nAliirft afi4 stalj^ss Y/II^ ?A^ > as ^mit m$ ooeibimtd 
iliiily»«3 iron A»d PA&^  staliiy tiii© fvoima^ iM»h yimm m^Um 
fi^mii pQn%tiiw0 to tiiMiii stein sttmi »«@fttiire twitat (Plttt« xvxii 
ric« ?>» (PSiittt 3EVZZI| Fii» lfi)« 1%i(i« pwmlfiA fijre stelnift 
i^th bi«t ottinliiA pmmm^ tim%» gi^oogm mtwa C^litt« xx^ 
CPIst© i ? i n , rig* la , tW* m^ ttm mtm h^ mix dt ttm 
^llM ilmfls positive s^mtim yitii tiauaaito© ^^s^wmolitm 
ffoUtM x'«i®'^ U8i iPMtm Mf Fig* m^ aii)» m Um m^m^ma.'^l 
fW^WW^r ^PP^^jr^WW W T ^ ^ W W 
u ntSSSi'B pmiwm m tmsum ifuu M^ rig* a^ t r)* At 
B tmnmt miA 4 }imsn pmnioa mmsf i|p£^ B positing $pe&mim «v« 
fovma lA titt<>iiiiMi« ant disrlDg vtwrmftl «aDditi€«i t ^ i^WB 
^tmmljm fkooiane f « i ^ vwiit* d i the €Mi0« of £ii2||iK rtlTf^ ifflUlii WilfTiiff 
*» 124 •• 
Tim ^mms^mm «f ptipal fmm ^ SSHm -^ "^^pfc .^ fftfUiiHtW 
i i 8l«0 pO«i%iT« %fy JIP^Bf lint %^ fWC t^iOII i s <l«»9|>S»<ltl<VI^  
nwtlMt thiol <;i^ «4Hnpat ^ isomO. f(»m» iPl^t* ^ l l f Fig* 1 9 | P)t 
gl i t toa laig^Wff ^*^ CFi^ tc» ? ^ £ t Fig# 3^t ^ '^^ '^ « 3^ »»<»* 
tim^c ge;mu:ie@ imiM Vm tsmiisfm cs£ vsm g i l l &pith@Utss 
iP2«t1^ :i23i| Fig, a 3 | i>l'S)# 
Sn Wm mam o t JAiili)Sai{iMI IWiltllliaifai ^@ f«tili«ii 
stt«i»)^ iNia ip^aatiliidi 1^ iSm ma&lmm CPlat« XXf Fig* 30^ &F@)* 
bins mUfm^ gtomzlas act^ s!!^  pmimA SxmiM tltm nueXons i^ 
<s»i.i.a CFMI»<S ;^TiXJ| Flf, 14 , mi})^ 
mu i?utm ^u^ Fig* m,^ mmu 
M Urn mm i^ i^fiSEiKa^m oaasUatei. '^^ ®3P immai om 
t^rtui s^lK in i^m mmtmm €C HIQ i&mmem (Plata ^ l y f ig* aSf 
mB>0 
iiii«8 iiplw 96 iim29« cii^t ft^HMW nt^ UdEi i^ ik ffwi««ia» iMMioeMi irmgf 
m 
i* mm tti& ^gmmfm tc M t e itliifjlitiai 
fillilUfffll i ^ 3 ^ MismX pa^t fmrn) m& IMtsMKiMI ^Mif^ g^ ljin 
wmm iPMitiMt n l ^ f^ imMfiM aiMs INI^MI and f^ili^nt i^ 
tt:m fm m^^ ^^gmi&m* Bmt isi. 1^ mum t^ ,% i^^ ^^ i!ag|Mfr 
t9<»«il2iM« Hi M^ |;,||||iat3^ iliiHiMi. 1^^^ fnPM C1^ 3A1# KISI 
f i g , SMlt 

m IJyf 
1$ Tim 0pWnU&X m ii@II m^ intisml 
%&^m$ of «^!te lUjAS^ aa f|||^ ,gffl|f, CXswml md p-tsg^ al ttmm) tmd 
l§^^i^^^0^ ^^X^%}iiB. '«^ *^ *^ stroci^V r^ o&itiir^ i r<mf!i^ lm ta 
2S» mut^s^ glwm. t^ 'msmM sod, .;li:^ |jmi Ci^6) «wl also Is©* 
P « » t Ct96*» to stein nciteei^a»ti« witlj toltii^iisw HJasif h»st 
Is Q3}3£i>0iM3$l to K* "^1 iTKlM&tive ^ msM po1^miSi€ikm»M9f simiM 
m JP(«^ ^Uv« »9mt!iiM Cms^mf 3.0@o)* I t ifi» tb^^<^ei ocsifirm^a 
timt Pfva positive &^9%m»m ex^ aot aoM poajfii^ei^iiiifl^* 
ai^eimiatti oC 1 ^ gutt Ikt ^o^y Mf«ol«m» and 9i«i^ «0ftt4lB 
^ flffliftlifftli iliifflflMft iMn^am^ md mhmij&mf IS60f mm§t 
timsmX IfifiioXIa* fbo esireiissr tBsmmi^mmt blue (Bonhogf 1SG6) 
stBln) €^ Bitt«r mt^ OUmsm ilMO) proved iMi^ aitl detUbt Htmt 
t>iae« «tvtietm*Q8 tu^ positiirof to pifotola e»d mm^iprnt^Sxi^ 
Ton Dtftsi <X93a^  ami vigglfi^%»3r^ (19^) are of ^ 3 oninioa 
^lat th« BRKioM s^t^laJfa lijm e^anat ia imioQt^* But* firm 
oeetir aa Be^i^ml. tiBsti<ia of the ias0S!ts# Etouto :;ijj^ ^*tJ.ti0s of 
hSs^soJiei^ttcall^ €fliai*attt©*?ia«d m/nmiO'^diilmiim of vartoas oat^Offiofi 
b^liangiiig to aiffoimit: ^^^i»& (a« l^^ « I.0G3). a#e^t2^, itarsiKiii 
(19^6) has clsoatistratod Umt i t la aouu^i.^ rxteo^^ol^ rftac i^aridOf 
ttroffi mOmX s^i^tamm 9kiam^s wtmm in fixm tios^ismtiiock uitb ppot^ln 
and HMtef orof ii9 4«riii9& oii0«pmt©i2is cts m:S»»tmiam In iM0]| 
hfMBfCB!ilt#ft ftmlMilliXUt SK3iarMMS<^ytFM08 aSfl PVIHBMaflt ttOtd ttUlf* • 
poftitivv f—atioa i» siviB l^ ^ nixrin, eeXatin, <»«i>elii wml «t>an 
FMytela miWM of FAS po9itif» scftMitQae^ s i s mUm% 
tvm i t s i»o«iM.«» ff t t t iop to m» n^Mf vhS^ im hem uiOi am 
» g«Q«ma ttiiit fi» i»9«cift If Mtsin i i a i l* (3i^ @3)« sios awtiioe 
tats mlm IMWI vm9& IQT BoBimg (l^ MS) to immtim^ ^ 
e^ii« r&a pi f i i t i9 i ssposmlMit uttia^ «ttaru^ Ktsotwift p<^itiiPi 
i|0 mtt m^ atain i f tn® amtiaem «i^ f iBit t«>«ii««i wlHi s«3J:?«« 
M^» oeticx^ of PII^HA (8Gliim«a^  se^lmm) «t Jroom tdoiytfratiiini 
f»<ei» tba p^p&ffm ftoo^tdi^ ii^f«ipoetiTo of fiisaUir^ orsj^ ieoroft 
iroi3dim«t 1360) • i^«3# Ic: %lie i»8&@ iril^ Fim ponitiire einimi3#ii 
fmm& In tti0 oooMciw sC i$m tm0mm mA im^tmolm of 
0l3roo6«E:i oiitoro of ttio»# pvmilo® mt^ eomiimm^ tmm 
tmis^ ptmlt$,vm wmaMmk to th/9 m»VQ mmsixm attain* Ho 
l^^)t Dcrto tmm wm^ilsmsiSi himftm i3fooii» IA Wm$M ttotmio* 
2i» ^^ <^  ItHta flilflflW. il'^ f^filftf C^ Uarvol. m noil «i» !»OIMI1 
fom) «iia l»ooot>i^ tfiwi wm^t^m$ 12» gljpooiiii i»(»m3«t ovo 
foyoil m ti«i#iift^ »09tio»i (Sn Intintl m mAX m la opitlMiUftJL 
hi^m*} mad «l«« m 1 ^ ftU2« of iSSlii Utoldi fH^ f^WM U^t^« 
m^ ixk Wm mm «f llMMttisMt IWillilWiit ^^ *y 4|*»]p§ifar litai 
laooot i i t^ wniroi* H tiio gi^ls i^ otftffws latviMi IKT ^HMI 
tjQ til© fuilj? slawwpl larvmi gla^ec^m ap|H3«i»a in #10 f?3»a o«t 
^^ttt^iNid ^pmul^ $n Urn 3s»^^cm^^sm. ^ tlio i:ia«0£^« 
Ao^^Kit f e n s firm «i»C i^ isi nmt wm^gkt isa 0*aB^ in & %nioi£ 
Cjiim*feK»frt i^oft, auK p^ i&:a)* m i^m X^DWI m^lMls. Mmmiim* 
1% u mmmimim ^ ^ t «iiii«« pwmi^Mif i^ to^h «•<§ PAS 
«Sf« mm& striking m^ empUamU^ thsn i ^ t tmmB hmm tmmlma. 
im^mm&f wm%* I t !i90 b^ ooM^ a l l tlio ^ 3 ^ 4iffiiiuit %& 
tisaw mm tss «sJi^ ol:f i?0i0t«»S kwiet& iUaimim%mt 2-^^)* 
tm vmiimut nm%%m» ^%m % «l»m^ positive a^ t&eticni to 
.^^ ^^ ^^ ^^  fut^jlill C2«i»v»l iKid puiMiX t&m)f mmoii'mit&Ui md 
aliKi pJjir tCMs |]S|MBr1lsii« i*olwi In ihB ^ ^ t l o l i ^ of iii««it 
«so»larDttoli iMwItmS fmsglJlm {fm^mmt llMi)m f^ mixm Gi 
M&mtiM^ iW^) mm$A.n^ & twm mxim im^m^ ^ ^ ii4g@<m»|» 
I'ftfejjgiai terv® art «jf3iiif3|'| ost^ ^mgiiSafew ia ftwetidi m^ 
lfiiiao%« mid ^immti^mt i t ni&twtill^ Warn ^m tmm^!mml tdbrn* 
&im mmHsff trut titt msm im rvmm^i^ v&ptmt^s. in ooB^fmL% 
CMp&0 ^ j | | , # i xorn) muSk mm otl*i«* A lot of iK»*t i^m also 
tm^m «^m0 w Urn ^ ^U^min of ©!iit|ji| ^ i» ^ ^ i ^ ^ ^ l»«^ »s« 
Cca^ resr ma 'm^% 19@0)| i jSill«te«M « a ( f i ^ ««3MI% mat 
lSMiit$ 196^) unci f,|^)f|3|||i , | ^ ig | a iSm^fuki jg^ g^*f %tmt* 
jtv^i^^G M^'^-i /au3tc« I^^Qljioji £«• 4«K>3^ *ipi£Kwia si»!3l«l# msXd 
tm^ml tvtm§ tl^^a $M ^^m»&m& in ths iatoKiail^ oC utoiiUi^ 
stim a hli^iiiv VIIKIIM mml&im meM eont^sntf idiici »^N(ttlNNl wttk 
ix^%xMixim h:kmm»i^l minm mad i>»Mig««@ wemneA ^ mmm. iWKlU 
»eld {Qm*f 3986)» usi^  i s tiRtanrntiS «m ^imumti^amWm * *ii«i«tiv#* 
Mtmm&& pvotttSn apmistitt la %b» UMm»» i» emvmAmUA 
tsk Bilk glms&s d ^ssttft ifiGL* ^i^ 9mmiJStUmi of Mg^ Immx 
lm»t omemt^sLtioQ, is€ mmUlte miM vim v^fo^ixt iQratli««to 
fwm turn wmiSiim oo pmmmm$ wmU'^*m^ $%ma»f im&r toxai«i«» 
vmiSMSmi^m miA ifmi^smmti^im %S>mm» m max m^ silit $imi0m 
ti«t aw t» f4li iii u;iA a^ aia?©®!©^  FoXllowlag ft iir,iw?«il i» 
©sc|i®i?|£«it;Rlly protit^ t^i t$Mti ta rr^ oltiac tostum^ titrejr aalpl* 
0-iiMt tsthvOM iiutM ^ Mim^^iWM l ^ i l illdpJta^ «( ohiar^ e $n 
©taporjsosaooftl puftSnc; ijat;t««l iBmm^i^ mA ' J i iH t t t f ID?!.)* 
SsttSSdSESai tdl^tiiffl Itsst Jiijeos^a eof^aonia ind'aooft ehitogamcmX 
Bill nsru^eslii* f o i ? l i U l a f'ii^UK^wilaia oiH^ i^aamitimsi tsm 
S^nioUNT (I ' t i iHl* aOS l ^ i« f a ^ ^ f i l a l s , ia0?| tm>f miO>^ 
iaiirrililiil! rrffffliVt* ^^ o^oir mmMii»$m& ivanKOAs i»« i»ytlt»«A 
ii& tiitt tMiaitttl. Mfttimo of tiMft Tiiiiiiilirii;^^ mmSkK&Uk* timm 
mmaom nHmmmA in mm smlmm of ish« opi^ftUftl ooUtf irsiy 
In AlMSMftt mm mA m»lmMJ^iMmw> s§m@ mmu 8imtii3«s mm fmad 
la turn w»1n^ oaa ttet tn tlwiif pwmm»& mioXeoiMrotoliit im ana 


• w$ • 
mmmm. 
a^beM out I mmm ttm^^ i^b» tc^i^f^ wltls ni^tim fioMa^ 
t int 'MMmimfm mi W& m^^% i s a if^ prKm l3^  aili^ saha ftui 
i^ tol.0 iri@<»et» tev>9 !>««» t^ iaSf 1 ^ i^f<:^m%Um of lndivMuftl, 
<Mi*Pk» mm ^ «m U.%is3m ^xmm iobm^ tMQi^ tmvatim ^ uteest 
ft<»tMt Qi»aNMrfmti@»ii m iQii^ iK tlirjliiwi fml l i iB i (ii^irtti. 
laM v^mA t0sm) m^ JifiiMSdnEtal mf^^-ifn avo «isioi l^ oimidt 
!pi?orliAliii mim m^tvil i;^mm%$Mm mi thiie «ip«0t# 
9im» 1 ^ «ff qwa^!^ «^««riratima of cijiiid® aw»iiii<d iM7&} 
m i t s «lyi»»teie« lia m^^i0s»^ m» of tlm t^n l^tfi^  yorte 
#o^ «ft farm ili&<«r# (I;®^) m amWitimtkl m^m% «t«*t iMi«i 
gl^ml @tijyti«^  t3^  ^ t ^ lli^i^^* iilmut fill f^ isnia^ s UlVk ttm 
iitottivc ^4et #M irii^ 0l^'jJi ^aitalu gl^cigea a^!?»lt«, 
laimtom glsfcag s^i ils^s?its In iiii#«ofeis a^u co&ia^2^ faiKJd in 
tha fat lKk|^ % l» i U ^ Igillf ^^^ mm:ml^9 iluffjU^  fifth 
larval iiiMs^ ^c- g^eog^s) am^$€»t of tlia tat O^i3^  ]fia<3iS 
»p^i;e^l$m& n&i%s m^mU^t&l ylth iSm fat iM^y omt^iia 40^ 
HI & tSmmm mMi m imt lio^i mmt of thio glyeogoa i9 
9m»^i:^ mtamoti^l#t «£sii} Uttito iW^) twiad trmt ia fmir 
f«iM«Mi n i ^ iioft so^ t^ mn^ 
HM 
tSm asaooiat«i mmmsiXa!%lmi eM emmttrntm of wm^lmx^ 
ear3y works oa @asr«ogQri ^fm«srm tmte h^sx mmim»im»ai moA 
<195l>)j and 3t0Voris«i &M '#«itife (1964) • 
mmfesMMfeviMMBiMiVii • • • • • • • • • • ( • • I " ' ^ T* W ^^^^^w^p^^^^w^wff^^wi^^w 
glsrso|:A ctM pttes* 3p@si»ir^ during pmt ^/^xi^miSM ^m9U(jS^ 
Bet a ireomt jMifi«ir m tUm m@ta^alis» of JUiSDcrt iSfaseS^ asy 
3fiotc^3r CX9@4) has fitH^r ^imm»i)& I t e oHecilesi aotir<»«9 for 
i!«^u2«ir mme^sf* *^» elaasifi^d th® immU l a two gjrott^ • 
QUO i^i<^ 4^»«nis jfi fftt for f l i ght «!HSP«y COrttsc^trtf !lQiK)pttte«» 
Ufp$a^pimm) ^ and t ^ otiieip iilii«& omtmmBma^ii^^xmtm i%mm^$ 
nmimmtm» tuft «ptil«a«)« l^ msm ixmm^ mmh m f U t t , irtwi« 
ttUrtMilird^Nitt Iff ttw aftjov f«Mi3.» i t uppoitni thRt tmtoBioM iM 
IH9NI iMMfdifttit ttOd Clf^titaUsr m»mm!tjik*imA tngMcr sotiMMI tttlHei 
gIsroQgiBi ttmmf^Sbtfimm^ nmmftma data showHiK deplAtim dt 
8«l^ 0fligfl!i (l^lug f 2 4 | ^ vesmlil ninSJUli «!iiiy| thio piVivtiMiiJ^ $0 
foxy XlttXe ^^rt: hm hma 4mm about ^4» sl;r«e@«a 
iitHlsaticKi In tl»Mfa<cie SSOSQX^ iMT AQmtie liiAiMt dtiviaf tmx 
te marine tito gSy^if oa eq»i»«Kit«^$ii3ii tit ttioiNiel^; wmmlm 0f 
<M«i»mi»ii»wii>««iiii»i«n.iii Ill i i i»«i—nM—>Mf»iinww>«f> 
iH^ of imiTomitgr may smlios of J^ * pft«^ ,^;^ fe^  lami» ^mm, \i8«a 
t l m s ail$r* But ixi. %im <sas« of imm^l tmm. gi^«Oi;«ii ^ms 
^ t lmt f i^ ^tfo ttnd^r »03*mi Ai» wall m a^^p^i^flsitfil. eanditlooa* 
2)& M i t t MlHiite Jgftlili&ittlf ©©ttoaUaa® %r«8P« iaai«i Sn ytanU fooOy 
f|Q^^^%^ (^u l t s ) ) giyeogosx li^ is i^tl'n^t^cS in t^ K^rocld vmrnlm^ 
mam Mtaism miXmm ^ r^^ ^ ana .mm^wim, mmiMm 
aatat* vmm BtMm&& tot fofir and %mk ^m»$ :p^p«etiv«3|ri and 
^iwi itw ftULQn^ a ful l eiiitXi tb« fisiSiai t t e M f fitjlBirMt l«y^^a« 
bttving b««ii fad m 3r<»skit tftl)2ttta aM ^$ wMlAtlW on mo9f(Klt<i 
lmw9m$ ftpmiMlHy eolXioetedl for tlixi puvposo* At lii1»iV9«Jit th«»iM 
Snii^ otft wm9 mtttifij&o<l f i^ imrloii» <Mitlamtiiiui« 
b^noetOev nKtvoaaope in Hlng«9r*s solutloEi e ^ tim 3?oqui9ea tl«ttitt 
(giilfi la U B & BlBilliia Ifft^ ffflffiff 3a9Vii«f m& thof«ioi« fBtittel«i 
audi p ^ i £^ (itiii9 Ci^ Ml« ht^} ^ Ms& Pr'iTflffM.. fft'^^*^ iv«K« 
gltlM m mU, m &f III%@3L# IKI^ il6i*?al ai^ pupal fmwm) la 
iN s^ M^ Nwl« 1^ U^bm v»© ©mtrift^Qti at 4000 rps for 30 miantsft* 
l»tio%oM%4»? «t ^ ^ ixi* 4 eftXIIiifmticm mim& for gl;r^i;^«^ iMi 
i^»miA>&«M»'Jm>m>'i>A 
«» 13S 1"' 
tbiit ^10 I M B S Iffjitillilg l^ illiffiaiW CSj&irva) mi^ itdult ,||fifi<^<^ (^i;#aii 
^ffffi^^toa m3m» nomMl ewAitimMf Mvmtv^ tow lam s^swlo&am 
,l2ia&tivo Umt i^m mmam«ist ^ rtsultii i s not imint&tmiim M 
fMnftuaiasr duirliig t ^ BfusemtUm. period Itotli in ItliliBK ffij^TOlflilft 
l^i. JtoMffil, .lill.iBlteJSlillWti I MWKMi ililT&,„.Ml,. Jliii» ^^ ^ 
eonws«iits«tioo of ^tft^ii siywtgm in iim imm ai nammUy r«a 
(Plato XI7| QMpli F ) | viHi B%$0i% vorlfttimo o t e^ptoiA i»«pio<lt* 
* 193 * 
of the ho^ «t 4a liou3» yfimi i t f«ii€ii~iai dgB^ AOO ogi but nftMT 
4a hmiife ti}^Ni is a rcipM itnU In tt® ^'^om^ emu^m'^^.timif 
Imm to eer^risoa to liiwial twm, im& iim Mmi mti^^it^^ to 
total gasreogai ometmtratlco in ^tm gl3.3s of aoiimX t^ MM 
:SWM& ^^P4^^^. J^wa«| Is «itS»at«a to lie 'J»OOS©-0«i<XXJ6/3lOO nt» 
^MR Qom&s^iMm of B'l^mgm la tli^ glXXst wmmUi» ctxi&tmt 
mtfi ooJjf Xittlju tmi?isittcmi« iittt dwin^l atej??utioii| tfa««?© 1» 
'Sfs^t glyoogon In the tbomolc mt&nlxm of J^UBffiBtartli'tUB CTiiliiMltm 
tma^ n<st»aX f oiS ocsiditioii wtstinji £ior« m Imm %mm%mt itkvAph B) 
ms^ him l>®iii «itiiaatoi •» o*^ »*a*SBAOO lag* But 1 ^ eonociEitvatiGii 
0f glyeogim svwimjUar fells wiHi ooatlnit^ stam^tica iMiyciid 
S4 hours* h% 48 hoars pofio&f sl7oog«a oooomtsraticii i j fvooft 
to bo o«30AOO n8« At 96 lioi>t« pmlwif tho odaoititratioii falls 
to 0«XO?A€0 nc# At 106 hmm {Mriodsi i t l i finspul to IMI 
o«ci@AOQ tag sod a t 206 hxmm p^iiMli tlie gian!og«{i eooofflatam* 
t i m lAiii iMitlsafitflKS a» a«oi/ |oo m m^ »t^90 hmm» pmtleiiX$ 
glS^eocm »«fel4)i» oo^ sr >tOQI3AOO i « | i^ rhen tlie |n»«et eltl^X' 
dim m hmfmrn iimatl^n* 
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&svmi i& fitir instMr of €mUem$xmt$xmM m. total f:^i9fvn 
Qontrnt |{i the 11I20I9 |j:)9^t»i tent timt (^ »epmm^ tiamm or 
imitOf 1963)« 
i^m^umt m^'m iwr^ 1)0011 dacm <m $i3^m>%tsi mtijmtlmm 
<iwti^ awoa^p^imtt In natttn w e l co-tiJiKiot i%f«i is6?i»| mM&im$ 
imB)*, mms^m^ mmsi^ i^^^n^ «B^ m^tt^ imB}^ msAA msSBM 
fai^^i,^ ffigj^tj^y^ CX^ Hfl^  @ii4 BaraiiaottQt 1966) 1 eM In 
fifffyBWi (wise3L«&wort^ « 1943) muSi f0^l^}^. ^ ^p^$^ iUx^Ms muSL 
m&it^9!%m$ iiS3)» 
HtMi data gtfvi Ir <l i ff^^t tiortedra* Fc»r mmm^% ^ tiftk 
ixmtiB» SBSdSOi UMBli B^m«^ ^trntrnt of fat l>o<^  rit«i fVOR 
6 » ao^ la viAfttiflii to 4«sr i n d ^ (ail«cnatiiti via fiak«ahittt 
tarn)* m%» VFffMaiB !>>» N « i iniport«d to Sirtu® 0*98^ maA 
In tint pawMnt «K|»i»ln«Bl| tlie eoaeontamtioai of g3armie«ci 
In liie i^pil fiowi of Hate l lAlMi ^^ i^ f^ftff,ffl i« foum^ to IMI ««III 
%om than tfwt c^ tbft laximi fovM* Tim smtxam of tlMi ««duei»g 
f^i^jtrnm^^ »ciX»ii»«a ff^tt ^cm MfttoS^slftg fat tic% «^3JK}«9 «U2M»>* 
tussr oa»ft3. ««9lol^ <Xrttt«0 «0 m& ammm of li^il^ii ir«{|u«ljE]ig 
i^ J W t e Wdk ti»8^ }i@9 durlJEii p^mX l i t e Ciotalcii ani a t i « | 
1000}« ihmf^f in ffj^^2,t^^, 5«xs& no as^^roqlablia iitmntitsr of 
a»3 i^ MaiQQQ^ tQpa i t i£i |^Ef»etieiii^ nU gow 1:^  tl}0 ^yS of 
larval peifloi (BddQltSf 1920}» iiltlKmgh eosiaiacit^lile waouat 
of HiQ mi^riels yi^MSi^ Miilti&iiii Aiiitmficisi mee pvmmkt M 
Iil{;c4 of tSm hm iRmmmM. sM, mstmp^ lC^)y ntsm wm, tmoA 
i\ mmimt of li;»n»aliigatior£i lum^ giir«i imix}@@ <»f >^«i to 
0«7 for ifflepirotofy <|t30tioat| dvaetm pe^t of :>ui»iX l l f« iFwmi^ 
3^^t In i^aMi. finUnfti ^Mwigt iDGit i2ik Isy^JUat ftT i^1iing|Mini.i 
AiVftllf 1947S&I iR l«fi3JiliyMi> • ^l i s lii»i %M to sp©eulfttioa Isgr 
seyotAi ve»ri&e»« o» tc» t!}@ posoil^le ootnremioit &f f s t ititt 
o«fl»<]iigr49&tef ftl^toisilx m^imlX$ ^@ Sim r«opiv«t4»e:r ^tiotieiit 
W3&% mima^ Hi AJ^t IMOf !ii@i»ifl»kO| 10«7) • tim c^$mtim «f 
IfiEft'taiHi aa^ BtsNik iWO$i ttiot #idEl9KNb9i3inHM) diiwirnioiii) fatt^ MP ttmft 
futf 89<»i to iM i8t«3««iial I»OQ«!MME» of tshs eoatlAUi^ vtlUtfttion 
«f ««8^ < «^r^ l^Mi f«Mr ff«»|iif«1il,<ii moA &m<m pimf?mm§ in nAattlm 
to i t» eooRNttfticii into f«t« Ite yfM^lfT ^ ^ eoKsvivtioa of 
Ih t$)o cms® of &^iM nill^ i^ tWf Iffl^ t i^flfM CgllXs) aad 
j;il^lSK?^gte, asffiltelfeitt, <t?i«ap««iS« atjs«l«i0}| glrtcMim eonamtPft* 
tioa ®!H»I« viwlatloas eeeoaMJjtig to th« fo^lHif aoiktitlGm* 
aiwiag pftploa of at»iwatioas tmt oopo or losa paipall»l» Ite 
t&^ c i^iia j^f;^ ^ imf^mt n^xsem^ nt 30^ f t ^ ni^ntmm fus i i fsrw 
2»y$i tc» o*s>l c^ 1^ 0^  w«i#t 0 i^3«»l»srf wm)m M t te <»is@ of 
CMusate hknm% i t faxa* £»« i>#2 •• u#o:^ i (uiontiK^ff, 190*, X908, 
SIKB)* 3^ larim of |',ffl|^l^ .fflytfUJiftftf 9t3tf«d fair caid mmthi 
^ dilate RiJ^ inlHtffi fi^flMffi^. 3ja9rtni0 tli#0 total €a3«>iiitt«tttiaii 
of gS^ QOgen ahoimi mi ismwmim ^itm 34 !io«:ir3 iM^% tam^kxmm ^ 
t o 4S !%9IIS^« WlMSaNMfKCt I t tUNlOiailtO A dllMklWIOiltit tP8lE3ldi» SljBlilOf 
i^ M «^inmticRi» itmm msM tm Sa i i a isK l W M'^Xtim, mO. coavtotur 
jpiso for nofsmil dUiro nftov t!»d ecwantioii of lattvnX fooiiagt 
mm propoMH (aoiivtoixr» ia@(i>* ttw ttigfiMitioii t i n t mgii3»* 
l9«djrot« JUi iQ^nthiMiiiod «t ^lo oscpoaso of fat IMs^t f^*^  nootod 
oiito(^ijriitft tvtm t^t Bppmfmt'Sy 0iirm0t t«le* pljm^ in higtmat 
r@^^tl^9 t te posj^lDliitsr dT 1M,& fiom&tMim. in ixmmt i s 
atag«| miA "Urn olmj^c iii S'eolproQ^ ^itlx ilio rl®® in ijJf ««©«!«» 
outieXo i s |>u«t«4ba^  supp:ia@aitfOd to BOom mttrnit l:^ protoia 
g«» i^Qtt ia .'^a* ef t4Mif oiKifi&ticm Q£ tuvAim,* I t i s tiMxi m» 
nocHtedai^  to i » ^ i ^ ooxvosfitiim of fAt ixi^ oftt^ bonydvfitt* tSi» 
;^j»Hf li968)9 vii«««ftt aajrp@s%t»)r m& lat#of9lei (l@6S) ii«v« 
jMipoiHWiA loir 3i>v«}.$ of Gtm of tbm mm^^ of t^ilii puttnasr i*««t 
i»ooitrst« Mgr^ 'Uit in tint pr^ pupaX ffr^ ,^ ||^ f^l iUBlteilAt ^^^ ^ ^ 
aitma ialii»«wmtioii of ttu> Q^eln &»« w t ti^ cm foi»d ia anar li)#«ot* 
£a aaraa:L oaiditi^msi t^mm .Is s^o iik&iNiffiu»« i» tiM total 
glyoi^oa aoiQ^mtr&tiaEi of ttia Qj|y, ffj^iffifiM galltfttRB iawaX 
htOsff booamio tiiio glsrooemt iTttqairsd tot mmml i^toboXliKf i t 
mpMMkU imm tbo fooi it«»lf« 
Tntskl gj^Qt^m M^mi enlxiuMUid pus* 1.00 i^ of %lmvm 
i s tmoh Mm iM gl21$ In nmiX!^i^Ssm to i ^ 3 ^ l^ ody of |«ttite 
ci4fi'or«B"»t ecxii^ vfitirftlsioas or e2^ooi«a to difformat; parfca of 
Full in g3veti$mi Qamm.tm%ijsm a t tli@ tlisi^ of jitii«irfttSi3ii« i« 
ana tlaiiff 2d@a)« 
<l>illiiHllW« 
* SAO • 
jT^piratoxy tQtitt* i^iicMi Urn ptSsm ammximme Q£ m^gmi «a& mt»n 
la»g%^ p3?ot©tet oo«t p»«iSK*&a2r t ^ lmm% e^tiliwiiial basis I* 
iroJUmci c^ g£ts «icisliffi!)igod p«!r tsiit pi«iit«ln £2itip«g9» aoi^ ^^ ait:* 
I$ii9 monlv&m nm% of t ^ stoffi^ noil alsol^^a. ®titsiirie24i* Aii 
t t e tili3i^o»l!;je34lttl {||,g«0tim i s »i9ii««hftt t«iiim» pmmSxem 
vith vstliar mBftll d»D|»iii0 irv«tiial»I« la wm% of tlm Imittetaiy 
so A f l^^ pogsn iMiSia i s UttiA ii»«S« tM,t irbo3U» l io^ liir» 
«®lgtit i^ i>«ax« to ^ fts good tta «£^ otitor siotl^f for tncpifvo** 
ttiiii: tiMi lat^et rasDiVtttosst^  i^1^« 
Xil^ or oo^goBf tiso iMiiiiMMiiii^ And dot^viigr IKOOA* OC th« ooiint 
nod tli0 lzin.i»wie« of m»SmB ^^i^l*m^mit$ j^Blml miA 
iolilbitevs* 
C13£0)» Flnlc CX^^) £mmd ttmt in m^ ^ teltlWtiiyilt 
ttam&tXim p^iod d'orliig whioli i3«il!al»oXi6si i s iinNnitf toIXoired 
li^ a gta^mi ia(}r^ a@«» l» ini»pi;ni%i«»i as d^vwiepii^ftt proattiids* 
i« laogar* M l3oth t ^ p ^ tlic s^ @£ipi$7&tdss' quotinQit (foinitt of 
SQratfiei Aire fixs!M3f i^@ osi^c^ utiJioatioti pmSsia3J;^  rid«»ft 
At thj^ 0tiapi| tt:^ «gg mm? go In iiApaissot iMch %& t^trntuMtmriMmi 
fiilMi* '.^itb tkm tiwmSiietion of cli&^mii® tito m^pm f^smmxa^ijm, 
v%Bm 8ibrt^t3ar» c$«i9<tt«i ot^^ar letportexit i^ isrlm aife imii3Abio em 
QgQfim vouM $ximmm9 ^jem^ viHi l30% ««ii^^« noiMtiVt 
«C' diffovmt »sMidi0St j.% lifts 4is«iyre9MKi t ^ t j*««i>iratc«s^  tttn 
(loea aot IxisvdasQ Ilii«iurl^ vltli bo<l^  M64glit| lint at a loi^v 
t ^ dJUpropc i^oDikttt tamfmmit Sn mximmtiMg tl»mm moA 
etoraf 0 wmtw^imM timt eec3%«di^  oomsm vltit io«9«i0«i in sistf 
p|-$ra5.oXogl«Mjl2y .^ losiSfeijoM o^pti34t;l«m (eowptwable iftsplimlassiy 
qxjotiwtf m^$ $%tmt i*etii?it^f uttteitiomil stat»), a. plot 
of sr^ apiipaijos^  mt# against bo^' ^BlutKti «t loi^Xoi eoc«patesit« 
movmm to l^ephi^ it; <ijr^ ^^  Criox^v 10^} y tl)e» slop® of Htm iiomit« 
pcxida to a ^^mm or i^ nisli i«iis ttian mm ivmmt^ ctl^ out u«7a 
ao<»>]^ i23g to the l2r t^ «stiisat<} of KlollNM i^ X963.)« JU»aig InetiotSy 
«a^ )cm«iit tm& h^m olalisod foip m o t ^ m i WlfMiffillf <p9opiipa«) 
(Ol la^t l£^5t i^6)» omat roaohte i^o^or anil siif»34)^ «f im&> 
oM o«itaiii iiQmtl0 l»»#ttt« iMmx^f IS46)« 
tti oontswitf a meSmie ^ ailbstaiitial i»f «itigati«iia oa 
t^ta3. bo^ waielitt ttoUwr flndliiga bsra lia«ii yi^ s)oi>t«d fov 
Xi^l4opt«»0{» piQ^ at Ct«t6»lotf 1^31) ao if«U atf feof tlM ttstii^ 
Siva anwrs 0^ adult ^l^tara m^ CoXoiHiytani (lattalt 3MI.)* 
^isngas in gvcMNi vaif|it» l ^ t aim not wixmrn^A 2a taapstatioo 
H«?otido ill j^i* (1,963) t en tmv^ upmlm of aa^vilt mm^^"^ 
tmmt o}mmnfw&. tAm « l t ^ t of stssnmtloa em. s&te of 2*«i^iriitiofi* 
B4(0pteitocy m#ta&o3lifio $^i j^h^tiaa to a&s. has hem. 
Qhu&ev&i tmi^wm%l^ in aaioela tma 1% van u&t&i Umt in most 
pmtium. to tmmim* mm$. Urn isi&mtBf this j^^XatioosMp hum 
not t>«WKi aa f5lojai»ly a«rjaagtJLnit»i un la irosptebifotea • rio 
cliff02f«i3i3f© l»B3 bpm foiiafi in two ^wes «)f tilM typ# ^to^sa&SJflt 
m trnp^mmM t^ fiout laealuwtiaa in tJasls? oi'Wiroi«:ioat®l. t«Bi.p«-
Qmi bo i^cprosaed li^ % $mmmkl emmt mlSA for mwt Inaoots vithin 
iump'MmtmB mspm i» founa ODOOS m»}h cliirorso Snsoots m SJSSM 
file t«iii|»«s«it«p0 ftt i^ H^ofo tlio BUDsicma smto of oss^ rgoa 
llilitffiliteit vm&tmm i t e swdUseuD «ae^«ii oefiamptim a t 5%mS^t 
\tmfmm the iftepiveticii In fftrMtiti!liflti ^ mx$mm &t @0^ c 
(iiinwift maA l^tittiaKf I960>* Alnost in aia tlie Iii«iie1»t tli» 
vl% in i^elaticm %o t4»3!3€i3f«tt»^  tmm hmm sm^^ tigr BWni^ Mr 
{WHS) m& mtty {wm)* 
M tile p^r^unt \m^ ciimmrstsk%i(xm 'imm hmsa, imSm m. tim 
mfmimi'iSmmimim 
• 145 • 
25 nX ot W s^ ti v&d plQoad la tli@ n^itmi tioXI. m& 2 ftHioi 
ym%m In tmiii^  v^OX of tlt<j flft&ii:* lODH msvwA m c ^ f^ a.mt>«nt« 
Tim tlmUa mse^ plmiid In ymtmf tm^ 9^ a t a@%* h pmttoO, of 
a ^«6a mlntitHas mm hllmhsii t<xs mivdWimtlaa iHsdtor^  nmamadmtB 
^m& flBsia^ *^ ali^^tt fi«Eiaiiig& %mm isf^umi tm tMm m^ at iateinrnXa 
0f riftcwn mSmii^m^ At the n^ni of «BKp«e>liiiiitt thm mmm^trnfm 
to aiMiesMmUiliig t i» insQot f©r wtlghiaag* ISaeoet* tmad ieaa 
«t tiie 604 of tti« c^sN»rlm€iatt vem iiM t^»ftt«»d« fho rat« of 
vespinatlim ifRs o»l«tsliit0d In Imma ^ pik <%/m tret bCK%r itoigtit/ 
mui <MilQiaftt«d AtpAfffttelar* ^ t « of vtepi^stim $n %h» tim nmm 
%m enlffulAted At 86% fti noU «• at 36^9 to tixA om ^Sm 
«ff<M»t Of t<ni»«eftti«Ni« 
Iki tlw thiva iSKiiorlaiKt ^w »«to of ttopiivtioa la nomol 
twA inooetB WM otewnNH «t a«%« i4it«r 1M>^ IMI* mA tmm^ 
j0XSS&atB^m WftTlilffllm wtv* »t«9f«(t for ^ nmwsi mA tm^ fif 
ods^rr^ Sn vixich miMm '^>f^ t&km ^itm^ mtmf^ W mltxmtmf 
for hsm. mta md fmmU J0^^s^^& mM^Sm imsmm ««^ ) 
E MB.W.t^ M 
Imntdiiiiii .iiiiriiijpMiiiiniii nil iiriiimniiii^ 
m ysf «* 
lat«a in rfijAtioa to ^UtexmMi tmettmt &*«»f 9m$ %mspme9lsm0§ 
stttirvatim sait tim«« AXX tti» «xp«rli30ii1%f @3C60pt tliispA 
!• Eat© of yespjgaUoa la r^aiittiDn .to &<«» 
The r&t@ Df i^eapiiratim in nossmlljr ^(^ ins^ots mt 
of f«^x«8> 4*864 ^ u*^ tOOg/i^w in tli0 mB® or mmX«« tl»i 
s^erage h&^ weight ot focml« tiit» tmxuSi to li# 70«d£^ lig mA 
^wriii——ii>««i»««iipnirii»iii»i »iiiii»iiMi iiiimiiiiiniiiniiimiii»iii«i>iiiiii H—MIIIOMKIII Il mil mil III innmii mmmmmmimmmtmm'mmmMm « IHWHIIIIHI 
nitli vmpmt «o diffiMnit In bo% vt l^^ of «ifo »«nMi* 
*** ^i^ylP.. W* ...gMlWigMy!iBffBi..,..li»...wjriMMi!^l-.J!^....yiia«!^^l}^^y» 
mmtantiMi «^ ^ ° ^ f ^ iiiKtitv ia fMOiMi tutu ttta^ <s*om» jt 
In w^Jm) ii3»m^ B)# 
Ficsal© SIS 6 33*6 
HQU m 6 ia,4 
m c ua? 
]0^C ima ottJimlAtdKl £ ^ boWx th@ smsmt i t w£t i'mmx t o l»e 
a s ^ t th« 6tssk&@Q In mt9 o f anMrpls^tlm i s IS«6^ in immMB tnd 
10«4^ jto wskUB* wmm 3 6 ^ t^ito 3 6 ^ | tim otisnge In j m ^ o f 
Hie tabl« lOmm tint t ^ ptvoidt ehttag« la ttm e«i« of fOMOat 
ftt «U the ^xtm tmxp&»utmm§ i$ tl&6llGl^  iHnm tml»»m 
Mill I iw I Ilium II »iimi'Kmmmmmmmim>mm0mmMmmi»i-> «iiiiiw«wiiwii»«i>iiiniiiiii»iiniiinii»im»inii iiimiiiiiiiiiii » n ii« iiimao 
i:^-!?! wlU h^ i s 3.«O40 )al O g ^ i ^ l&es t!iaii i^wt ia foisjdi In 
starvatimi tlie tftt@ of y«ipir«tim in tli« mm immim im 
ealo^lat9^ mi 3*667 jt *^CI@B ill % ^ / ^ f i^ ii&& is 2«d80 jui %/ 
og/hr Xe»8 tititii nlmt tits IA the fuiS, f«S i3i»^itio»» Aft«p 
96 iwwt p«?iod ©r s taw«t i«t ^^ 3mt« of »«iiplpatio» f«U» 
OotfH to a«0^ X 0«034 la %%/lirt utiieli i s @«S34 >il %/bc/liff 
lefts IsliQiEk tlt& fiitQ of jTssstifinitioa oli^ sseifeiS in ftUX fed eaiiditjUsitt 
( Q t e ^ A)* 
M tlie esse of lasXe i,afeftteffi!^^ fimilffilMI^  ^ "^^ ^^  f^ 
eoi»}iticaif Vam vets <^  iMWi^ ivatiani i s esletOstecl ss 4*864 j ; 
o#O30 Hi %^/l i t« After 8ft hours of sts«««itim» tlie vste ia€ 
wmpimtSjm U 3#9i84 ^ o«08$ ^i Oi^/im$ ^mab i s X»XO JBI %/ 
••/Itt* less t^ bsB wlMit i s f^ smfi in UMI eiMe sf full f## Ins eat i 
"W^* ^ ^ p ^ ^Mn# ^^^w^e^s^' J|r^^^^ w*^'^^ t^Sw TRPiBWBBHt> wwe^pww'^efliw weei^p <sws^mMi ^HPWI iBr^sBiirjr*^s^ w^^ sepffll^ KS^ 
wo m 
vrhiah i s e«040 jQl %</k)g/br 1 « ^ tliasci %^mt i s fotnsai ixi tim fiOX 
jtfd iUisdot* Aft«r 96 hours o^ s^!UPvatioii| tlie j ^ t e <tf t'cispii^ ft** 
t icn f a l l s dam. %o 2«4@a ;t ^•^^^ Ml C^^^/ta?, wMcth i s 2*37X jH 
%/k@/hr i ^ « tlian 'ymt c^ noismiX fed insset* 
Rat© ef r©spi:'ati«m l a a l l t&e eoaJ i t lms vs[i^@» ntio0^ 
i s f mm'^  to %& tmm in tim mmm v€ tm'ljm Uam the f9ml» 
Tlii pmf0mt fjl^ mt© i a s * ^ of 3?<»p4Fotim i a f«m®l«i» 
fetiJd a33 4#3?0Jt m& iit^m 40 liotsrs as 2**?22^, whleJi i£j loss 
timn wliat iiaft 0baiafv«4 a t a^ hsmfu 9t»rfriition« Aft«r 96 luTuifs 
of atfiunr£iti<m« 0«463;^ j ef^ gtig^ s lieifii hma oal^julatod in tli0 diusi« of 
tmmX^f iffhinh i s optia Im^ Uma. i ^ t if«» a t 4B h&mu* 
3«3c Wmn ^ t r i a l ^ ntmmi% i a «ttt« 
««ii»ii»<#<iMiiiwi.ii»ii>Mi»ii|»»««iiii«iiii<iiiiii.»i««iNtiwliMri^^ Ml auMnaiwwinniniii i i i rmiiitiiiiiiwiiiii—niiiiwinKiiiwiiMiiuMJi 
U. € 4«d70 
l>8 6 0i4iSS 
««iw»i>iM>«»ii«i>Miiii«ii>i«ii«iii<««^^ KiiiiWHi >(»iii»iii.iiiii>«ii»iii»i>wii»»wwnmii)iiim i iiiiiiniw 
m 6 4«0i3 
90 6 a«3M 
*»>•»•<—<II I ! 11 •iii*»»«i>i*iii»ii«iiirii«iii>»<iiwtwiliw>i«ii»«i»i»« Mimnmww^iiiiiliMii <iii«iiiiiiiiw iiiiiiniii Ml inimiiiwi I I I» I» I I<« I I I I< I>WI I IM»I«»I«»I I» I IWIMIW»I«I I I^^ 
m 3SSk * 
M tli« mam of mmta TilftBlllytfiihMi IffroMttftfl 
M, Hours of stariTtitSaaf 4*CB3^ elsmge ms& o^ 4B hom% ^n^^^ 
mtijMf 2*'sm$ mmm^ i^ imJUiu}&t«i» ^iMifM U }mm Wm i ^ t 
Ili®t®gt«i Q mmm » e«^ |iii«Qi%l;f # Wi^m pammt t t e ig t 
mmmM of mw%^ ^mwmmA 3s tiio ca»® of liorasilL f od 
«€t3il£%icKiii iooliilliig %ismpmfmtmm (i«<»«t 36% ) | Vt^ 
<i^om nx * x«d@9L $^ o«oai j a ) fiaa in for% five mi39^ £iia& 4«89e ^ 
Wvm Wm mhtmt imttt^ i t i t Quii« ^imm timt Mm mite of 
ecamiaptlfm ia f«itiS« JlMKttiialMl MiilAlllit i» MflMit in 
ec»^ »i>»i»«ii to thftt of mlm. m Mtto tli» ii«s«i, tUft mso^ 
of G^  eoii«ii3od is Xa^ st in ti»»% fiftom mlmttos b«E^  Sxm»m»9m 
p. .10.0 tr i.s tun 
jiiwiwiiiiiiiiHiiwiMiiii niiimiwiiiiiiii yiiii»i»»ipi>iiiiiw 
«» 1 1 ^ «• 
|j!i«6ertsi hoi;@y<i3f« t l ^ t®latim@Mp iSfssiM not tm m nlmxt^ 
Olium iw^) t&m^ oo !!i0l»il3o34e ^istrnmsm in tb^ p^sp^m 
of tfc^ umm of ^tei^alte, MteaKMte* '^ ts&ro$i0| mxo d^ oM 
^l^^tapqpl^.. fiftffl^l^, Has tmm mUv^Mtm m e^^S AI1 O^^/ta^ 
md la IMIJ® 4«e6A nt t^^^^* ^^ ^ possible timt zbc airr@-» 
ironea i& mss^&mk emmmptimx in tim tuo amm& IB dti^  to {*r^t«r 
umml aottvitar im<i eji^uiiaiitlcici of tli€ ti^su^ J21 fcmiXe* Xt 
wm fi3^^ i)® ^ ^ to ^iifmtmmk in l3o% v©i£^t of m&M mi^ fmmM 
%Aiii9h In tibe pnMMnt ItUMaot htis IMNSQ fmna to be 52«S3S oe smA 
70»S@3 ag| ifi»!HaiKti3P^« Utit ss^ a^ saxt i%M7) vMM mmidag ^<»^« 
finiitlyf i t sMfir b» ittftt^ Ml ttwt t$m mm of a@ti^li.t«ftf aaA 
p«rlocl of p^mX ^09^liGjgmmt tm» biglame «ttt« of oxy^m ooonanip* 
than tb» fmm%M» HsmmWf vtien t ^ fniMilft l»@eat»«0 gx«vl4t 
l»«if<s;m 1 ^ ^ f s stfit 3«M« f l i t m^ Ss ^ tm high. Sn ntirlf 
isn^ftg^ C^ Wi^ las (BH^ s^BMiit IMS)* , 
m»sm. m^ ToUsaislmk Os^) Ma givm mxm utm to ttm 
pVQpfUPtioimi txi tim vfiuriatiaB« m the ««(rirca«i»atftX t«B^«mitu»«» 
m 1 ^ 9ip«ttDal %roffit, »«t« i»r li^^^pixtttlm la liotli mu mA 
IdHUi «i}(»«ri^ at as^* ^IHIII vat* of vonpifatiQii iat pl«tti 
aa»afn#t tMSMNVlWVt tb@ <ninni Cl I l tBiaM i s ttJbCMit l l ip f llBf t o 
(DiylawLi |9@8) t omit Hum iMtt l l i f t >i^ ^^^ffiifiJPIi. tflTT^% 
t/l3tm a t S6°C« 133® iQumt t3«»e«ftt c^ awag© in tM pip«HWBt 
the sQse differcine«e jK t^atsalniCj to tim »ato <^ laetabollno i s 
nlnijQi»©a, for ©rasaple a t 3 l \ ' oaSto to tonala s^tla ia SsX 
iMlo fit a i % I t I s m^ X«3iX (BoiNi«r, 1003)* 
ilnij t«tpwsituro a t MM&U tij© cwctoiaa e«gtK3ptii» of 
tlio pi?©sait olmexviatlcaisi i.t Is «v ld^ t t ^ t tts© liigliofflt ci©ta* 
th© rate of oetabciliOT <JOOJP««®S 02£?aly with thq fa l l In tospe* 
»itEUf®f in bo^t im'im ox^ ff» l^,@s* :taf@vir| i t has ^om si^ oKi 
fa^ o r^fr^ &l xtcsekimm tSmt ttKr s^t0 of r»spii%ti<ii in j^lat ion to 
t«eip@£iittir0 ^^pm^a vm!^ umh mk 0tag# oC tltit^Xopowt and 
pi*0Viou@ t6ms)^ r«itiilf«> of tlK» «^i«l»3t»«^t (iigs^i 3iil39| ijcttmi^ St 
Eat@ or iTQQplvatOfSr c»ilalioU8e)i i s dif>0ot1y ttfi^ootod tv 
stftwatioi* i^ »r0i«}o ji^ A2^ « Cl^ie) ham 9m^if&^ t^sstarmtimm 
tm mmi^ spmim of laosqaitoiMi of iKsth ^t« m»m* I t e S'tstiXts 
300 
e<m»i$3|?tia!t at 30^ f3»ai!i ISO j ; SuS to a? 4^  4»7 mi^ pm upoolaoti/ 
t<7 Qotiim istati^ of insiMQt 4tirS^ starvation p«riod* Cd31u3«x» 
^xllBktiona i»© lniroiir#4 in 1^© w^ftmrntUm «^ 1^© stil>iiteao©i 
ifnto of rettpir<iti(m| tm^t0amB^ of a&tlvo stiit<i m& rates of 
««tiv« lut %fltli «o»tiiiued ^tstimittioa 'Hioiif senoraX aetiiril^' 
ma, «JUio tiw mmpimtmf mu^mr a4«w©as-a3» teaatir^^^^ 
jaaSlllAite (iMi^ •«x«e} fi^ioiRi €fijilk£££^Qa j^spi^mtlon diirisic Urn 
tint fiftMtt stl2«it«st foUowad t^ m ons^iittX fi^ XX n h i ^ gets 
italiiliJHiat dtirliifi Hm toaai^isig m mim^m «r tlit •i^ ;>ttrliaiiit* 
^ »i0asi»mt pamUjtA tibmmffktitxm av* isvmiliil>X« on this 
•il»«it ef SaiMttt 9«»i»ilanitlciii* 
iii>ii<i[iiwiiiu>iifciiiiipiiiijir!»!iiiiiii iiiiiiimiiijiiiiiMgit 
• Wf • 
l*t M f ^*"' *" ' 
lM i^»^  P«ft^ * (^ <9al« S<tf«) lEia* 3^* t^|}» l i l«4i« 
Alt , ;f, (iu[K)@) tm^ a«Ki mu a«r »nmm rm |?f1iliifB« ittSiJIkilli.* 
lawdlifoift I oorpi g««&«i 4««U imttlit* BilUft 
ttjlw^^ ^ ****** 
^IM l« f«t I solo j M t e t la ttig[M|^«ii«« 
* %m • 
mmmm UmsU nod iUAdQimciit E« (I9fi&) Ught ai»l •XMttoft 
mmkotf .:«;:* i^l ;^0l»igi(l^ (%3aa»t llJl* (3,967) Bi»#0t apiafoclAs 
vmmMtmttif A^i*Td* (X96S) CitslK^dx'atfi and fttt m A f««i fo3p 
;U2, 23!!P?WJ3a5Q* •>*"««»»•««-» ***..s»«»««K* «-«imB«f 
/»iy,^^^t3ii,. i:iiffiia%ai,» i U ^ i m ^ « » mif 3.o?«i^« 
BcxiiKi^ i P«F* @3ia A»aoXa# i/»^« Cx«m) if&jitolc^ Had hl^toohficiistssr 
aiBd tmmmtimi of i^o tmtsti&M sis^int^ IA the 
i8a«ri«Qii oodiErofttht FiifitillflliittH fiiiiilgliliiBlft (^«) * 
i0«%t s# (a^4fe) M ^ ^ | l l f f l f ^mAJsmgMh ^^ ^®»f^ t aeiuhoM 
Bm<l«»ii A*H«iu (1S66) i>i«larsM larask aethod fi»r iiiiol«0»protolti 
BroftrisMt <l^ »ii«[0f (lOeo) Hi09|»htttifto aaa aiMlAlo «oidi« l» 
• i lk flAtiAt t c t^ooiMmiQftl aiti^ oelsi of fnirilljur 
mpmimtm F* (1900) Bmtmm tmmm of sujmtio liuioot«» MBA 
Bvool;m3P» f. (3^«) I« ^*'^^*S3^Sf. |ywh» mSfU Wm» fl»* 
m 1B0 * 
Sil!&^ cKiR3f g!M||iffif|||| ffii'^ftiPite* MiW*m.fl .^ iMyf^ i^ff* 
CMp^scmg 3^ * CX947) atuOiss o i tlio mioleia acl4* §ypp«. ^ ^ * 
o f i>^*M»i>*i* iiftiaiu»5ggr" | | | y y | % 1 i | ^ f f ^^ @9@w3l0« 
• IBO • 
Mfci i^ ayn mtmn* I t BEMB* 
during «@t@ma?p!)ei0is« SffilteiBlfiii (lopiac^pt^m) 
:3a^, M«F» (1D493 tije ©etmrreuo© ^ aneroid :«s&stwe©s i a 
iMNPi«Mifthii«B*« fini^ ^m^i j ^ , ^ ^ H^^ a<Hyi6« 
cwtM t^UMi* *»'lliiniiiti mmltnlffWi ^^ 
= 161 f 
mmp^t 0«A* i^m^pmw^ viixmmim^lam* imk% H^f a Bftlfllffll* 
tmmo^t &t €io0tt»«Mittiij yifir^aiaiiiMfi innir^iiifigit-
1» mmlt Mqw&i$SM m^$m^iM&m "aim wtlomMir 
G o^rgut *^^ « «n^ MUPI lw@fS# Cl»l»04} (|aiittel%ittv« tlud^ «r 
(3m»9 M» 0M$> X4ggS8%g ^ S ^ f f e i g f umm. 
Bests t A* (|S@@I») TliA fIxKi stw^^iam m& c»xrplialf»gl.i0al oa»iiiii«» 
Il0irittt 0*0* iV3M) fli& l iow^3r MSSm^ ^?P^%§fi^ ^ C^t8 
aitfiemitQlr ^ oisd fiooa«(lt ^ 1 ^ @<>^  no%€ie on 
Islit g«ant MVifMSPM (Xipuliidiii«) vitSi S9e» 
to tlb& g i l l all #!# pi^ mB!»*iatfr|!|.fe nipl'fe* PI*CMB* E* 
iftlli ajBiiiii ilHtltl* ^^ ^ i ^ X«*40* 
mU» f i l l «if ^ fip '^ ilTOii*^ i^ilf tllTl'WffBlilig' 
mnlMllf S*B* <t939ll)_ M t }l^|tSll llXlffiglNMmi»«tdS9r lliS«|^t«tl«ll9« 
lEatcmt luii* mm) 8»iPfl«saiar giiia, fi^aat i^m%* rWMMi^ 
M) MliSiil 4Wt 
ion MiirniiiQitiwiiS^ 
# MtDOOMMI d* mJMI 
j^ hjMi SJUI tiTtniiftirii i 
gjapwKVttiTy 3iiE« mA s«a»| K*a*a» CI909) CI^ »I|CR» ia boa^ i#«li&(t| 
Aummm'-rmmt 'taw itm^ 
KI2liy« B»&* OJNIftll MtMHRBHIIldilUtSif JEMtlttllCliijffi jjlld thA iltSAtlt f l i t 
^l«t)^i vf* md s 
IQIttttli A« (ISMa) !i«tat)oUiii and tM»<lar «!#»« 
H m W * l i t i^aaN6«3« 
iSMTMllMllt* B» (lfiOI> Hii i tMlt l lgM illlTtill'tlTlllllfliiMr 
• 166 • 
l-^rson, H* (1961) foloMiim hivm*mM^X §r&m, • Oraofa 0 
method £im MA* j.lJBite IfBJ '^i WL* f^ mETO* 
i^ttmm?f Urn m& 'JiM(3i»Wi,$ QmU (3L96&) Titer mi^mlaffmatixi stulniog 
~1^ BQ&^n^ 
i-Ssljistaf ¥* aaci Bejftosf IS* C19C*-J) Fy«>e mil fixed u2yec^w In 
loj^ols, Il« (1866) Sound |)i?oSiietlm» 
l^&mtiiBf U* atia fli0l.««it >'^* (1B6?) Dor t3P&elidiaw€r«<3!i}iie» iMd 
M i s M g ^ aits«popt«r«a« iiifliiflia, iiiiitfit, M i i t e * 
"^ liesae^ y f .C (X743) *>SlMle3yofio 4»it Ila8«et«» On D^aoeuitiraUoiis 
0m prntfrn^fmat 4« i>i«a** X» IM* (fi^iuil«t«d l»to 
immksxt* a* (ia47) mNnr il«» M<arpt»Xogi« mat ^U ^mmm&U^xiat 
ti«ii In immU* i l l* i ^ «f r^ t of tmpmmam 
find aiS3ibi«Ki^  f» l^(«ii tmmim, m the giksecm* «c]iipoai~ 
tim. of tine timo^ iA^ X isr«titt of tiliwoxtt pi:^ »M» 
U^lmm H»t Qm9m§ B» tuft l«tOt @« Cld«6) i^oisrotttg^ttj^ldt am 
SMtMg&mOtiMM. fOKBUktlUMk I f t I^MTlPENEMMll* 
6Q)^6<B# 
j!»'»»^i>;|j» 
•*l1^f MfaOTj^ i^ afl^  
^npftmo iK>#ti0« iflsgpt itelidt. ,?»atti>f ffii 309»£^« 
l i l^iigi o« c ^ ftQMUiSottOt £*«^ * (2^65) i^ QS s^r dOfuames aturSxis 
mmsm* Am,, ^fc> t.^. ^^. ^ , ©^sislgv^ 
X^® ixait ^ sftuld* PSaiTQ Qi?oa3# Iff* ^ ^ 
l^a^sufi H«2«E« (li3@) st\Kii@$ im til® liit@«naX anateei^' of 
Uttvtm^i F«i3« i%7m) **niM»m^t$^ phiim&MMik immmu» 
H s j i t y i)»i^«A«f areifwv and Aijr«irt» M« C3>063} B I « i^t<3olitmlda3L 
mmM Mm,» Qm«, mi,* <B) JJ^I am-j^c 
" ^ ^ ^ ^ P ^ ^ l^WffBiW^^ ^ P ^ B F * ^ ^ ^ ^ 
MMl* Hit iJ(36d» 
iHtttfOHf c«s« (1876) iNNSHAtion) wP •PI .QAJI l^iviaa^ MS3SBBSib^i3UlKL* 
IM 
ymmemAt u«V«K« (19?ft) sti^i«« on tim w&lpighijm ttS^^Om of 
ixmmU* Pii*&* WmUf AHU* nmu xmxir*^ 
nyam i^ H» (1C)60) Mtsappijolog^  an4 l i fe hlatoi^ of a i.©pJ4o|>tei'0US 
im@et vlth u<M& Qh&mrmticsm mi food sal^ctioi 
liwroyp F#?# aM fi«gs* ii»vi« CliB®) Mftaii0^pi*o»is# 
p^sis of 5M9mtM* IMhLMi,* £f 3u7«a3« 
ilelnon, J#A. (1916) ate^ftlag..BI'MIU^W tet* P^imBtmflU. 
II«wi3Wt| Q# (1836) Fttagtl^ of eia? saca <!: G# m^hJSxmsuJm.* 
r«»pl3P«flent in?|ft^f»t©»» JEllBffiAj|fiBU-Saft,» 
Mfioieartco^  w» (1^7) Bloolmsiittx!^ of BotworptsosiSt slUcnom* 
^msMs^ t J* (1044) Kft«oti no fiioiQrm at. mmam ^m i^ru * I SoiUi 
no 2S»(^ !ni Hi oiMm oiiioo ao iftfttuicii a i timitMi 
1* diffvwitfi of tdio ojqrg«B lA tiM ipooplamtotar 
flsrttoB of olHwrnni) * la J«pui«sot 0ttlx«s«»l*« 
olii lii]^ H!i 22« 17*4i <Coei|>le%o ^ l l « l i Wmmlet^ 
t i m froQ ]la€iGii«l Xkuititailio of iMiltfe» 
• 160 • 
(H*S«) of ^lit Pi»njal» IHoiv* Vol.* 20. Parta X«»II» 
VarBoOMf n#c» (19?!) fli© la t^f t i thoraeiecwaMoeiliml roglon 
la a<liilt« ana tlftU iastar ornplis of aa a^^mtie 
Paraoasi H»G. ^3^?8) H^pphoXop of Vssfm matimlasf pairs 
of spJjp&oX^ of |3ffi^ tQ8m md HgiiBtofl Caquotle 
9m%M mi» Ml B66^7@« 
l»«iP0^S| tt#C» CX973) HosfplKJlofflr oi* the oiglitii al3do:,ilttal 
1% 'Amu ,^ Ql»lSt„i I t eg to l* «^f 33@«4&2« 
p©Q3m©, A»Q»E» CX960) iitgtoohfiBlatear ta^c^eitl4>iiX m^ mmis^m 
UtU# Brow 0oa«cii» 
(&iHgtmX«otli3iu»Q)« MMMMmk* m$ ^ ^ « 
F^oi i c# iwio) m&immhm M&toXofiQiiie sw Xa ^o'^ anorpiiQi^ Q 
F«t«r»c»t HtKft C3J970) !Bid ftiM stna&tiwt of Vm lamml firttfSjr 
PooattnaXUf Z#t« (3J000) 33»» lempHe^ttOf w^tmi of ft^Xt 
oaiiiatt# Pivt i« Xto i|kl»ttoXA»» ' 
* 170 
matm& uad tim node of wmpiimtimt of tsl»» vat«?« 
m those of a S t i i f i p i g i i ! | i i ^ « ^ lllDiSSftf 
fim* M l a i l MiWiT^ttlt,iJagfc* »f ^ t 
(1969) C t^oo!i«cai)0&l i]Ekr«9t2|;«%lQn of jUi%«»ti{ml 
pho$ph6tfi»«8 m& mtmmm ^m$sm a«^loin(»it 
rod oottoci btzg jagi^8a»,fta|pteto (Fata?,), 
•^ HaffSTf A» (1SB4) ^aapiraUcas. lapMopI*^. m^MiM^^* 
, j».\» C1308) Evapc3afaticm of vat@ar froej isfeo oooteoaoh^ 
,^i Mteft3> ilaniitit riirrit&»i Ut ^^ ^^ -^ se* 
H^^ otsBtiTt H*A«f* d# (173B) HOBioii^ s pour «t»vlr a« 1* 
mUf «^L« (l@37> speoifie phosphatctdo of tmete tS^smm* 
mmmMU &$ ^^* 
Eoi0i J*u (l^to) ?»mm»9 o€ & mmtm^Mmm in «al»«l 
mUt J*u (1060) Tim MMtmhm$M9il €mmm1^mtt&fi t^ a 
Hioiif s«a* ( i ^B ) $1)0 giii««)iiiti^«r of dmsmXtg npipit»* 
El«|}oyd«y A»0» (1BCS31) ftio iiit«rsMmti of Av«b9«i>oA«o» 
miironitr of Mimiaiotft P»mB§ mmm»QAX0m 
aiei)ftiHisy 
-•t 
f^x^ f. ^>M '^ n i l 49<«?I« 
jUiweij and P&u A l a fosf pol^saeelJaj?!*^* 
Honshu I F*a* <1S&&) D6l;«»cdiiati(m of g3jir90g«n eoatooli dtsclag 
Hov3Ui;^ , i^a* (}S?0) mt«rf»Jl flights uni g2reog«ii utilisaticsa 
Bixio3fiit ^^* (13^> Qlgroog^ oiwQiiM Ixt Xif^ ^ osimley t«nt 
«• %72 *• 
WK^'KV'f^^ U jmt y^^^^* 
of Ihsoottt** in* Boek»t«lii| «t3*) Vol* 2 | 
iii0t@bo3lm i»t w»kmg. wmmtm in rlr^l 
meM a^o3« aiid mi^ iiiG^ fiM iKiti»m^iatesi In 
33mmt$ tUM wsmhm Atmim tli^mim ^JLMM* 
ff^Wltt Milt ^^ **@3l» 
i^aitOf n* CaJ63) tip«lia2«»© in the bodfcr fiuJ4 of 1 ^ alUe* 
« 
i^tH^ rlii^ i H«H» Ca^ BS) £^tors^ affootiDg tlift »tt# of wmt^o^Am 
m 1Sb& Q&etit&piM &$J.k vof«« Ph*n* diss^H^tlo&i 
Ubstnuit 30)* iftBi.tiiii fiiffi- JilZt M0« 
d«lmol4<Hra«ii| IM* (1364) Book ^vHrn '^ Boiioet Plt^siolo^" 
s«l»t9^t»mm| E«A« il@G6) e»pirdoulL{3j;> oonlsrol of di«o«Ktli»Kms §mp$mUMXk Six luseota* WUGft jiSU tL^^llTI* 
laa«g^tl^3ii of the »pii«o3©s* mJLt. flaai* 
• Vf& • 
Shl««oat»u«, H* 01^ Tttkftshitaj H. (1^60) c» tkm ohaagas 
in Vm wftifi^ st: of luo fat toSy aii4 Its om«r 
omstitnuadb iiti tlie nlXteiFOCmi J M U l i i l «^ 
li^* WcGifQw fiHI l^lc Go# S(w i^Sel 
*rBto«a0ixi. !f«F* (1960) aieJ.c» BitiiD a OS i A a<air f^Un fcsp 
m^a^m |^| , l i 
ot^footoit E« aaft %Qrftttt 3ia« (106«) ai;re^«ii phdi^ siMnsraaa* 
«nft Its «otii«tioii In «illHael^ fm% Mar* iii&* 
• 2.*Wt * 
t lt\t^»a^^i ^rf«ctK*!t^?iKn^ rt?v. 
Bm3iSmm$ ^m'i** m,^ r4»ct *^^ *^ C1964) Mi3AP|}ho349iLi«»i3.| Motion 
limSmtl mm hSstmhmimt ata^im 9f ttlJuaeiitiaar Qmnl eM mAl^bimi %vS^lm of adult Boll 
glg'y^f^toiBffiBaw smM&* Dm*, mtt am,* i)sm* 
•Siiaa»!DSfto3, 3m ivm?) %_ _,_ ^ 
rai 1758, l4:iiao«» 
Si^loir, X»E« nxuX JtaMmQUt H«B» (1931) i40t»l*olt» of b©e 
!I!!K©SIS, l:»r«| tona : i s t ia i | J^L# (106©) BHA, protein aaa 
mfia as<sM ecafcmt <>f hoc " * " 
ThmpsQ^f w«li* Cl^ "?^ ) Fans «>£ ti^ fielscieei^ Meoid Jaavsa. 
imptmfm} paimsitie 
l*o@pls?atioa: (fml}£)looh0iifP0f lite*)* JDiui^ SllSl* 
tr«ii«i i30f J^E* C19^) Xotiie iM 
• w® * 
fonmtioist m2id fjdto of Urn ^ tmv3um in tti« 
tmipighiun titmlA^ «3f Ijaftilifi fmifflflgi liirva«« 
s*fitia!i* imu m%A m^t .teM* ^ t &27*^m* 
Uets^Foclii *i:. (ll>6;.'b> \mUht m&mm^ of fXsriiig Sm^-te* 
of ijmmts ixi roia'feioii to iiim «M»12. COS* oa^g€«« 
l i* Fiirht ro3?fo««isao« of the a«s«rfc i « ^ s t 
jSagm^jm^.^Ba? itwea®^ ima <fcgl©8^  '^" •'"'• -^  ' i* Mm mam' •""* " " 
mo0t ^ t i im tls3U0 Isnaifa* ^> a ^ . ^ ^ ^ j ^ . jy^ ^ 
n£!9»2a6* 
yoiinaimi A* C3B63) :.?0velom@at of ti?jiiQ^«iI w^^m* 
%Mtt«at ^tiU C%96?) Iliit post Qo^cfiie d«iv«ilopa«Kit <^ thi» 
tn 
rptrtvii cJtola of ixusuats, ^aflirjfet.„i^ .i. |,^,it.,.,ail* 
2i» trt#??c'i'f« 
fama ,^ %igrft >^m?» tel* ^t Wa 3^ - *CL9* 
iigglesviort^t ?fB« (X9i0^) l l i tonml. f3ie!lt8 80(2 fil^'OOgOll 
v i l^ los i to i r^ i 
<» %*^ m> 
vi&nimvmthj, v»B* (1965) ma\tm^^M, ,9it sra^fc mii^iism* 
* ];i©r©i»iaic<» not *jom In ovlgixml* 
PIMM t 
<» 
Fig* S* liQ!<!ii|^ icag8»:t& npljmeii (DcxPtaX "Tim) of 
Fig» 3» Firs t aMoaiaal sptmolsj Ci>o«^ aX viae) of 
it* Bfiff\|lii%ii' 
Fig* 4* i\b<teii£mi Bpijm&1i0 i ^M^ to titUiU 
fig* IS* /iMoatoal apiraeSie CSMjpsi t© f i f th) . 
msntaX iri^icxii l^ * Immti Tu sMi? miri%{ :iiF* 3JU190 i>l«it@{ 
PLATE I 
Fig.3 
it* AifiSBlillil* 
it* i i s iAdu* 
ta?^#i©a| 2)Clgw, dos»s«il »cul«t» t ^a lw i f i-lagt* l»:fe ^utli!i|®| 
iSsioatmiJi mi^sumli&l Mtspfm* £^tattara^l4 fp lmis i i l ^ tgim«tliii»l 
Mm wmptmlmms' sipitmii si^ # dpiei»| atf i«» stJLi<ra^ v^tim^ tatm&h!m\ 
PLATE II 
-AbVCwnS 
putn I I I 
Fig* 12* TmmimmUjm of tim mUmmtm^ mml of 
it* IfifEHlilfK* 
Fig* IS* Ai? sa^^ In if* QiM3ll2UiJte« 
api2m6u3L®i? taM«!»iEQ to» caim^i Oi?* OB^»| .MIJ^» uo^aal afe « I Q | 
oM gull Hsil^llw.# s@sofe^«£^oic si/Jlfi^ -olAi* ^^^ l i^ i llt&|rl^# 
PLATE III 
tJttp1r$l 
Htl^^Ui 
MtpltH 
MSSPT'J 
MISpTfl 
Fig* 16« A posetimx of tr«eh<iii of .Iiaiaot%fp^ Mffl^tiWi' 
Fig* X7» S«^itttjL s^t ic t i pas«<!ittg tlii^ot:^ t '^aehaci of 
Fig* 20* i'*@tlttaX soetilaEi of ^i» mna of ij* Mfi!B3iSil3ia» 
PLATE IV 
•^ tfl . 
fUt& T 
Fig* 31* B^pljmtocy sipbaa (vhoXe momt) sHonrUag oiit«r 
^rimg of post «MoBii&tl apiimdlft in q^lff H i^lJinB 
Fig* ao« mm:iiJt^t,Qaesf slpbrn (•^ ^owisg itmir vl«if) oC pott 
aMomiiml, spii%olie and ItK «t3i9sl^ ftppexwtiit m 
ill* &,* MMMBk* 
23* 0 i U in £« &* jQiililEWi* 
w 
closing apparattis* wf'lj Mr>2| Me3« tiww mts ot msalj&n ia 
Gpflf Bp¥2| fipYS* spiJ-tiatOcsr TQlvc^ Of" th© post aMwlxmi 
PLATE V 
SPV3 
6PV1 
Fig 23 
Fig* 2B* ?<mttal v i ^ of traolMiaX wst^oa of £• Q* i^*L*tt»^>» 
tl&3fmU 
mfmm mxtmmt tmoiist&i iJuti»a» i^^a&i &iip-fmiiM tsi^mhmi xcmH*" 
j^mtm* ^wtml vmiismt eemiml oomiiBmm&i Q* gAiXi otm* gill. 
ti!^l}@a| WStm* hmjtt iapmtwm$ Wtmm Mtmml tmehm^ nR^m^. 
miMShvaUiSf t»mim&% Hnfipa* imidllajey t3?£i0l^ &| liaT^ioli lii^ fra@« 
oom^Gtlv^l ?ccoiii« V€!ityai ci#pt«il« «foai"ls© *^»a$ t^'fml^fofsmiO* 
PLATE VI 
-AnTr* 
VetrjS 
SpO 
Fig 24 F'9 25 
Fig 26 
A pesptSjm of traohMi of SJSHM. aiplaa;^ S»M&XUL* 
B ^ i t t e l sekotioii of t»a<dM« ^ &• JU SMssn* 
l<oiigitmi2iQl umtim of ^MDhtt of |;» it* |aliijailft« 
aMciBoa of £• j^.* £ilt|gi||t» 
SQgittfil 0eotiaii pma$XM mtm0i miiml porUon 
of 3?«3plratofy stpl^m of j;» a* XftlyLSSIIi* 
T^ paainrdPSd soetiooi of ^pdspi^ t^osiy siphcn pa®si2)g 
thapoti^ 0M<iI# poHsicii* 
iioglf iml. snotloaa of g i l l c»r g* ^* ^aliigMia* 
a ib . basmmt smalramMi Bi#« l^ c% imlli '^^t* MstaX 3?« i^c«i| y©es^» 
lipth* 0:jitlK3litm| f!j« fsit bo#t at# gixti H* &os^t| Mm ioitismi 
I«jra» ls»aaEi| j»5l» EBXsolej IIGA, m««el©a of «3.o»ii^ cpp&t*atti8| 
KliXf J^ :»S, R»3» mi»cle0 nets &t closiai? app»i«iitus| II» nm%ixxu*^ 
rig« 
Fl^* 
Pis* 
Fig* 
Fi | j [* 
Fig* 
Flg» 
27* 
2&* 
S9« 
30* 
3 1 . 
S^« 
33* 
PLATE VII 
EpC» 
Ep«i 
Rg33 
liiiuiujiaaaiui-iuj* 
FlAf E VXXl 
Fig« 34* Ciittar view of the fivot «Moi3i»ftl »pi»m%M of 
Fig» 35* rsme^r vim of t ^ ttmt utodcxaituiS. spSitteXs of 
K* filfiSllft* 
Fig* 36* i^:esaX trieir t>t ts^tehmt ayatmt &f Ji|# jsJiSiUi* 
.;:,, aiiteijioi' l ipi /vr^ am* ^itoaai t3?aoJifi4a$ JCccsa* eiorcal ociiiaJle 
fl'STQ* faoIciS trs0l5OQ| 'i.» livos'i H»aro* labial te'acliimj Lt'^ a^ u* 
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T^ ntKwX oo!3Bisai2re{i$ M^Qtml^^^hW^tmf* AMaaixml ftmitmt t9f«hMi«t 
CAlfCA2« otsblto a^nai tc^sliOEe of fo-^ e m& h i ^ wrings; o a i CB3> 
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Fig* 48* Ixmm vlmi of tlm poa^aMomiiaiil mSjsm&M in 
Fig# 40* i'/eir&jtX vleu of ti*<ii3U@al w^&tm^ in 4« IJ i^jyjitti* 
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perit»«i»0| DCfps» Aorml e^lmllc ti«sc!iea| !€l*!^l l . heemgcami 
WSvis3Clm Xatoral tx^eli@Q0| H* mnul^riimi Ha^ra* trnxXUm^ ^molim.} 
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Fig 49 
Ficr* £^* sagittal stetim nf t^mhm In ^« ftM^ a^y* 
mat* isr l^oaQtieliei ttml* lca3gitu^iii&l mi^ clftf Xxxrn* 2i8a<m| 
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Fig 52 
Fig 53 
Fig 54 
pum xwf 
of li* ?M i^il^ 3fltlM^ 
r^lg, ;l, 30(2;^  mi^t of gi^jj^ lOsliim ^ t t o i m iUrv^) 
F i g . £:» a:l^eo.;«i ©ij2304mts?atioa hi ttic- i i l l ln of 
o ' 1MI mi 1  Ml lie EicfMi^^immtai 
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Fig* 1* u«gi%tal. s«etim of ^^}m !!lifil,iili fjifl*1ffr (l>a>nm^  
(XMI^BeA iifm md fm statu in ^ M triitio»« 
* 2» s«titteil omtSjm of g» n* ffiftflffiM i%amm} 
nbmljBt^ strong poaitlvt tmswam to nmiMimA (Ximl^&isd iJKKi smd. nx^ stain in Vm 
Fig. 4# Bogittal saeti^i of gil l Of ii,m 4» jjaowiiig poai t ive j?oactiou lio c c w M M 'i3ie"2jr 
i t t m aiKl Fill* s t ^ t o t 
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f^^^f^ shoeing l^fi aig<8@tiorji o f glycogen atUm 
Fig* 8« Seait ts i seotSm of tiu) 1>0(^  ef £• £• jTatJi^iii 
Flg» 0» aegit tal s«JUaa of g i l l ^ g* g» ^^ 
mffmm 
MSiimiM^ 0kiltSM y>»mmt Iri its I)a^ t^ll# 
Fig* 10• Sagittal s ^ t i a i t^ tsme^sm, ot £ . £# ijaM i^Bs^  
BhmtM\& l%S^ B positive 0\i»0t£ta<!E * 
Fig* tx* ui^ittstt »m%lm. 0t t»mhm ^ £« £* tfttJ^ms 
BlumSiig F®tiigcKi positive 0i;ilistiSc0'. • 
Fig* 12* SegitteX n«tii«Ei c^ giia «i^  £» ^* |^ti|ffl8 
^^owiag b'ttuii^tii poaJlti"?« ux;^tao«# ' • 
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PLATE XVII 
.i" I 
.•^^-Tr •Tra 
/J j 
10 
8 
DPS^ t ^ - D P S 
12 
putB jcrixi 
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Flg« ia» .?.©gi%tai sooUcsa of tho pi^sal boOy ©f 
to eosiijliwd <3iaay0@i3 i»mi and ?Aa ataia. 
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Ftg* m* sagit tal dietien of tum&im in SfapfilyyaBi^ qfi 
jefiaeastoed <li«ilys©a ix»m ana PM^  frtaln« 
Fig* M* B0i£ttaX s^tiori of ti?aoh«ta in X» H|^<?^tty 
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Fig* SD* segit tal sectioG. of t3?a«.h« in ,1^ * .ai^^%ffi, 
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C!i* oiJitliif DPS* 9M po<;itii?© si^staaeti »• jj3s^ e0CJ€«S| B2# iiatteai 
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